lECUKlTY  CLASSIFICATION  OF  this  PAGE 


REPORT  DOCUMENTATION  PAGE 


form  Approved 
OMB  No  0704-0188 


la  REPORT  SECURITY  CLASSIFICATION 
_  UNCLASSIFIED 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2b.  DECLASSIFICATION /DOWNGRADING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMSER(S) 


6 a  NAME  OF  PERFORMING  ORGANIZATION 

U.S.  Army  Corps  of 

Eng i nee r s-New  England  Di\ 


6c.  ADDRESS  (City,  State,  and  ZIP  Code) 

424  Trapelo  Road 
Waltham,  Mass.  02254 


8a.  NAME  OF  FUNDING  /SPONSORING 
ORGANIZATION 


6b  OFFICE  SYMBOL 
(If  applicable) 

CENED-  PL 


8b.  OFFICE  SYMBOL 
(if  applicable) 


lb  RESTRICTIVE  MARKINGS 


3  DISTRIBUTION/AVAILABILITY  OF  REPORT 

UNLIMITED  DISTRIBUTION 


5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


7a.  NAME  OF  MONITORING  ORGANIZATION 


7b.  ADDRESS  (City,  State,  and  ZIP  Code) 


9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO. 


WORK  UNIT 


8c.  ADDRESS  (City.  State,  and  ZIP  Code) 


1 1  title  (Include  Security  Classification)  Saugus  River  and  Tributaries  Flood  Damage  Reduction 
Study:  Lynn,  Malden,  Revere,  and  Saugus,  Massachusetts,  Plan  Formulation 

Appendix  A 


12.  PERSONAL  AIJTHOR(S) 


PROJECT 

TASK 

NO 

NO. 

Robert  Hunt  -  Proiect  Manager 


13 a  TYPE  OF  REPORT 

FINAL 


16.  SUPPLEMENTARY  NOTATION 


13b.  TIME  COVERED 


TO  Dec  8 


14.  DATE  OF  REPORT  (Year,  Month,  Day)  15.  PAGE  COUNT 

06  -89  256 


Title  Variation:  Flood  Damage  Reduction 


COSATI  CODES 


Volume  1  Appendix  A  -  Plan 
F  o  rmu 1 a  t ion 


GROUP 


SUB-GROUP 


18.  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Flood  Control 

Estuaries 

Floods 

Ocean  Tides 

Flooding 

T idal  Currents 

19  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Provides  detailed  information  on  the  coastal  flooding  problem 
and  the  alternatives  investigated;  includes:  sensitivity  analyses 

on  floodgate  selection  (including  location  and  size  of  gates 
and  sea  level  rise);  optimization  of  plans;  comparison  of 
alternative  measures  to  reduce  impacts;  and  public  concerns. 


20.  DISTRIBUTION  /AVAILABILITY  OF  ABSTRACT 
SI  UNCLASSIFIEO/UNLIMITEO  □  SAME  AS  RPT, 


22a.  NAME  OF  RESPONSIBLE  INDIVIDUAL 

T imothy  P .  Hays 


DO  Form  1473,  JUN  86 


21.  ABSTRACT  SECURITY  CLASSIFICATION 
Q  OTIC  USERS  UNCLASSIFIED 


22b  TELEPHONE  (Include  Area  Code;  22c  OFFICE  SYMBOL 

617-647-8118  CENEDIM-SL 


Previous  editions  are  obsolete 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


SAUGUS  RIVER  AND  TRIBUTARIES  FLOOD  DAMAGE  REDUCTION  STUDY 
Lynn,  Malden,  Revere  and  Saugus,  Massachusetts/Summary  of  Study  Reports: 

Main  Report  and  Environmental  Impact  Statement/Report  (EIS/EIR):  Summarizes  the 
coastal  flooding  problems  in  the  study  area  and  alternative  solutions;  describes  the  se¬ 
lected  plan  and  implementation  responsibilities  of  the  selected  plan;  and  identifies  envi¬ 
ronmental  resources  in  the  study  area  and  potential  impacts  of  alternative  solutions,  as 
required  by  the  Federal  (NEPA)  and  state  (MEPA)  environmental  processes. 

Plan  Formulation  (Appendix  A):  /Provides  derailed  information  on  the  coastal  flooding 
problem  and  the  alternatives  investigated;  includes:  sensitivity  analyses  on  floodgate  se¬ 
lection  (including  location  and  size  of  gates  and  sea  level  rise);  optimization  of  plans; 

comparison  of  alternative  measures  to  reduce  impacts;  and  public  concerns. 

*  ■  '  '  !  •>  ■  --  1  r  1 

*  t  *  •  *  t  .  -  „  • » 

Hydrology  and  Hydraulics  (Appendix  B):  Includes  descriptions  of:  the  tidal  hydrology 
and  hydrology  of  interior  runoff  in  the  study  area,  and  of  wave  runup  and  seawall  over¬ 
topping,  interior  flood  stage  frequencies,  tide  levels,  flushing,  currents,  and  sea  level  rise 
effects  without  and  with  the  selected  project  for  various  gated  openings. 

Water  Quality  (Appendix  C):  Includes  descriptions  of  existing  water  quality  conditions 
in  the  estuary  and  explores  potential  changes  associated  with  the  selected  plan. 

Design  and  Costs  (Appendix  D):  Includes  detailed  descriptions,  plans  and  profiles  and 
design  considerations  of  the  selected  plan;  coastal  analysis  of  the  shorefront;  detailed 
project  costs;  scope  and  costs  of  engineering  and  design;  scope  and  costs  of  operation 
and  maintenance;  and  design  and  construction  schedules. 

Geotechnical  (Appendix  E):  Describes  geotechnical  and  foundation  conditions  in  the 
study  area  and  the  design  of  earth  embankment  structures  in  the  selected  plan. 

Real  Estate  (Appendix  F):  Describes  lands  and  damages,  temporary  and  permanent 
easements  and  costs  of  the  selected  plan,  including  the  five  floodgate  alignments  studied. 

Economics  (Appendix  G):  Describes  recurring  and  average  annual  damages  and  bene¬ 
fits  in  study  area  floodzones;  economic  analysis  and  optimization  of  alternative  plans. 

Socioeconomic  (Appendix  H):  Describes  the  socioeconomic  conditions  in  the  study  area 
and  the  affects  of  the  selected  plan  on  development  in  the  floodplain  and  estuary. 

Planning  Correspondence  (Appendix  I):  Includes  all  letters  between  communitv  offi¬ 
cials,  agencies,  organizations  and  the  public  and  the  Corps  prior  to  agency  and  public  re¬ 
view  of  the  draft  report. 

Feasibility  Study  and  EIS/EIR  Comments  and  Responses  (Appendix  J):  Includes  all 
comments  and  Corps  responses  to  letters  received  during  agency  and  public  review. 

Environmental  (Appendix  K):  Includes  basic  data  from  investigations  of  environmental 
resources  in  the  study  area  and  presents  the  Mitigation  Incremental  Analysis. 


SAUGUS  RIVER  AND  TRIBUTARIES 

FLOOD  DAMAGE  REDUCTION  STUDY 

LYNN,  MALDEN,  REVERE  AND 
SAUGUS,  MASSACHUSETTS 


PLAN  FORMULATION 


APPENDIX  A 


Accession  For 


NT  IS  GFA&I 
DTIC  TAB 
Unannounced 
JHstif icati. 


Distribution/ 


Availability  Code3 


Avc.il 

and/or 

Dlst 

Spec 

ial 

1  JU 

'  -  f 

Department  of  the  Army 
New  England  Division,  Corps  of  Engineers 
424  Trapelo  Road 

Waltham,  Massachusetts  02254-9149 


June  1989 


PLAN  FORMULATION 
APPENDIX  A 
TABLE  OF  CONTENTS 


PR0BUM  KOUTFICAnCN 

Page 

SOOEE  OF  INVESTIGATIONS  A-  9 

HISTORICAL  AND  EXISTING  CONDITIONS  A-12 

Summary  of  Wetland  Losses  A-12 

Revere  Beach  Reservation  A- 14 

Navigation  A-16 

Rising  Sea  Level  A-16 

Flood  Levels  and  Frequencies  A-17 

Existing  Storefront  structures  A-17 

Overtopping  of  Storefront  Structures  A-18 

Total  value  of  Flood  Plain  A-?6 

Historical  Flood  Damages  and  FIA  Policies  A-27 

FLOOD  INTERVIEWS  A-29 

Revere  Beach  Backshore  Area  A-29 

Point  of  Pines  Area  A-30 

Northgate  Area  A- 31 

Town  Line  Brook  Area  A- 31 

East  Saugus  Area  A-31 

Upper  Saugus  River  Area  A- 3  2 

Lynn  Area  A-32 

Future  Developments  without  a  Federal  Project  A-34 

PLAN  PCRMJIATICN 

MANAGEMENT  MEASURES  A-36 

Modify  Extent  of  Flooding  A-36 

Reduce  Vulnerability  A- 3 9 

PLANS  OF  OTHERS  A-42 

PLAN  FORMULATION  RATIONALE  A-43 

PLAN  FCRMJIATICN  CRITERIA  A-45 

Corps  Criteria  and  Guidelines  A-45 

MEPA  Guidelines  A-47 

Existing  Storefront  Structures  A-47 

Nonstructural  Criteria  A-48 

SCREENING  OF  PLANS  A-49 

PLANS  (CR  OPTICNS)  OF  PROTECTION  A-49 


A-2 


OPTION  #1  LOCAL  PROTECTION  PLANS  A-49 

Revere  Beach  Backshore  IPP  A-52 
City  of  Lyrm  IPP  A-60 
East  Saugus  IPP  A-65 

Town  Line  Brook  IPP  A-67 
Northgate  Area  IPP  A-69 
Option  1  -  Summary  A-69 

Option  #2  -  Nonstructural  Plans  A-71 

Description  A-71 
Alternatives  A-71 
Environmental  Impacts  A-73 

Public  Views  A-73 
Flood  Proofing  Analysis  A-73 
Public  Acquisition  of  Flood  Plain  Land  A-74 

Option  #3  -  Regional  Saugus  River  Floodgate  Plan  A-76 

General  A-76 
Initial  Plans  A-76 
Riblic  Involvement  A-79 

Sunmary  of  Investigations  A-79 
Plan  Description  A-81 
Floodgate  Openings  A-83 

Gate  Flow  far  Existing  Conditions  A-84 
Gate  Flow  for  Future  Conditions  A-85 
Floodgate  Criteria  A-86 

Sizing  of  Gated  Opennings  A-86 
Sensitivity  of  Gated  Flow  Area  A-87 
Heights  of  Protection  A-90 

Type  of  Floodgates  A-90 
Navigation  Gate  width  Selection  A-91 
Flushing  Gate  Selection  A-92 

Floodgate  Aligranents  A-93 
Floodgate  Dike  vs.  Gravity  Wall  A-96 
Floodgate  Operation  A-96 

water  Quality  and  Estuary  Dynamics  A-99 
Flood  Storage  in  the  Estuary  A-101 
Revere  Beach  Features  A-103 

Park  Dike  -  Parkland  Fill  vs.  Drainage  A-105 
Point  of  Pines  Features  A-105 
Lynn  Harbor  Features  A-lll 

A- 3 


Summary  of  Environmental  Inpacts  A-117 
Other  Inpacts  A- 118 
Mitigation  A- 118 

Construction  Procedures  A-120 
Construction  Fhasing  A- 121 
Construction  Costs  A- 121 

Operation  and  Maintenance  A- 124 
Benefits  and  Economics  A- 12  5 
Environmental  Impacts  A- 12  6 

Inpacts  from  Floodgate  Alignments  A-127 
Concerns  for  the  Esturary  A- 129 

REGIONAL  PLAN  OPTIMIZAnON  -  NED  PLAN  A-130 

Crescent  Beach  Area  A-130 
Bark  Dike  A-131 
Bonding  Area  Wall  A-131 

Paint  of  Pines  A-132 
Lynn  Harbor  A-132 
Floodgates  A- 13  3 

Regional  Plan  A-133 
Point  of  Pines  Workshop  and  Survey  A-137 

ADDENDUM 


1  Public  Views  During  Preliminary  Planning 

2  Shorefront  Inventory 

3  Revere  Beach  Stability  and  Analysis 

4  Existing  and  Modified  Flood  Stage  vs.  Frequency  for  SEN  Regional 
Plan 

5  Nonstructural  Methods 


i 


A-4 


tabus 


1  Buildings  Estimated  in  Floodplain 

2  Revere  Beach  Backshore  -  Existing  Shorefront 

Structures  and  Runup 

3  Ftoint  of  Pines  -  Existing  Shorefront  Structures 

and  Runup 

4  North  Gate  -  Existing  Shorefront  and  Tide  Levels 

5  Town  Line  Brock  -  Existing  Shorefront  and  Tide  Levels 

6  East  Saugus  -  Existing  Shorefront  and  Tide  Levels 

7  City  of  Lynn  -  Existing  Shorefront  and  Runup 

8  Nonstructural  Summary,  Option  2 

9  Revere  Beach  Backshore  -  Heme  Raising 

10  East  Saugus  -  Heine  Raising 

11  Lyrm  -  Heme  Raising 

12  Comparison  of  Initial  Plans  at  Beginning  of  Study 

13  Alternative  Openings  for  Gates  and  Existing 

Condition  Velocities 

FI  Gated  Local  Currents  -  Low  Level,  Existing  Condition 
F2  Gated  Local  Currents  -  High  Level,  Existing  Condition 
F3  Gated  Local  Currents  -  Low  Level,  Sea  Level  Rise 

F4  Gated  Local  Currents  -  High  Level,  Sea  Level  Rise 

14  Cost  Comparison  -  Miter  vs.  Sector  Gate 

15  Cost  Ocnpariscn  -  Tainter  vs.  Sluice  Gate 

16  Regional  Plan  Features,  Design  Top  Elevation 
17a  Observed  Tides  Above  7.5  Feet  NGVD  Boston  Harbor 
17b  Gate  Closure  with  Sea  Level  Rise 

18  Existing  Condition  -  Change  in  Esturary  with  Gates 

19  Esturary  Flushing  With/Without  Gates  and  Sea  Level  Rise 

20  Interior  Storage  Capacity  Requirements 

21  Structure  Heights  at  Point  of  Pines 

22  Lyrm  Harbor  Dike  and  Wall  Alternatives 

23  Regional  Plan  Cost  Comparison  for  Floodgate 

Alignments  1-5 

24  Estimated  Annual  Benefits,  Regional  Floodgate  Plan  - 

Alignments  1-5 

25  Regional  SIN  Plans,  Economic  Analyses,  Alignments  1-5 

26  Regional  Plan  Optimization 

27  Shorefront  Benefits 


(fp)  refers  top  "follows  page" 


A- 5 


A-ll 

A-19 


A-21 

A-22 

A-22 

A-25 

A-26 

A-72 

A-75 

A-75 

A-75 

A-78 

A-85 

A-89 

A-89 

A-90 

A-90 

A-91 

A-93 

A-97 
(fp)  A-98 
A-99 

A-100 

A-100 

A-101 

A-110 

A-117 

A- 123 


A- 12  6 
A-126 
A-135 

Addendum  2 


333 


GRAPHS 


Follows 


Gated  Flow  vs. 
Gated  Flow  vs. 
Gated  Flow  vs. 


Low  Local  Currents  -  Existing 
High  Local  Currents  -  Existing 
Low  Local  Currents  -  Future 


F4  Gated  Flow  vs.  High  Local  Currents  -  Future 
F5  Gated  Flow  vs.  Navigation  Criteria 
F6  No.  of  Gates  vs.  Navigation  Criteria 


F7  Gates  vs.  Estuary  Flushing  Volume 


FIGURES 


1A  Sites  Investigated  for  wetland  Filling 
IB  Tide  Stage  vs.  Frequency 

1  Transportation  Plans 

2  Beach  Erosion  Control  -  Revere  Beach,  MA 

3  Roughans  Point  -  General  Plan 

4  Revere  Beach  Master  Plan  -  Park  Development  Plan 

5  Revere  Beach  -  Typical  Sections 

6  Other  Future  improvements 

7  Existing  Shorefront  Structures 

8  Harborside  landing  Proposed  Project  Plan 
8A  Alternative  Navigation-Miter  S  Drum  Gates 
8B  Alternative  Navigation-Sector  Gate 

8C  Alternative  Flushing  Gates 

9A  Lynn  Harbor  Alternative:  Dike  on  Sand  Flats 

9  Lynn  Harbor  Alternative:  Inland  Dikes 

10  Lynn  Harbor  Alternative:  walls 
11  -  13  Floodgate  Construction,  Fhases  1,  2  &  3 


Page 


A-87 

A-87 

A-88 

A-88 

A-88 

A-89 

A-89 


Follows 

Page 


A-14 

A-17 

A-35 

A-35 

A-35 

A-35 

A-35 

A-35 

A-35 

A-35 

A-91 

A-91 

A-92 

A-113 

A-113 

A-113 
A- 120 


A-6 


PLATES 


Follows 


1  Revere  Beach  Backshore  General  Plan 

2  Point  of  Pines  -  General  Plan 

3  Northgate  -  General  Plan 

4  Town  Line  Brook  -  Shore  f rent  Features 

5  East  Saugus  -  Local  Protection  Area 

6  Iym  -  Local  Protection  Area 

Q-1A  Revere  Beach  Backshore  -  Local  Protection  Area 
Q-1B  Revere  Beach  Backshore  -  1978  High  Water  Marks 
Q-1C  Broad  Sound 

Q-2A  Northgate  -  High  Water  Marks 
Q-2B  Town  Line  Brook  -  High  water  Maries 
Q-3  East  Saugus  -  1978  High  Water  Marks 

Q-4  Upper  Saugus  River  -  High  Water  Marks 
Q-5  Lynn  -  High  Water  Marks 
Q-6  New  Bedford  &  Fax  Point  Projects 
Q-7  Stamford  &  Charles  River  Projects 

R-l  Local  Protection  Plans 
R-2A  Revere  Beach  Backshore  -  Local  Protection 
Sub-Areas 

R-2  Revere  Beach  Backshore  UP,  Option  1A 

R-3  to  6  Revere  Beach  Backshore  UP,  Option  1A  -  Sections 

R-7  Lynn  local  Protection  Plan,  Option  1A 
R-8  &  9  Lynn  LPP,  Option  1A  -  Sections 
R-10  East  Saugus  UP,  Option  1A 

R-ll  East  Saugus  LPP,  Option  1A  -  Sections 

R-12  Town  Line  Brook  LPP,  Option  1A 

R-13  Town  Line  Brock  UP,  Option  1A  -  Sections 

R-14  Northgate  UP,  Option  1A 

R-15  Initial  Regional  Saugus  River  Floodgate  Plan  -  Option  3 
R-16  Initial  Floodgate  Alignments 

R-17  Initial  Floodgate  Plan 

R-18  Initial  Revere  Beach  Features  -  Cation  3 

R-19  Initial  Lynn  Features  -  Option  3 

R-20  Pines  River  Gate  Plan 

R-21  Pines  River  Gate 

R-2 2  Pines  River  B&M  Gate  Plan 


A- 7 


F age 


A-18 

A-20 

A-22 

A-22 

A-24 

A-25 

A-29 

A-29 

A-31 

A-31 

A-31 

A-31 

A-32 

A-32 

A-38 

A-38 

A-49 

A-52 

A-54 

A-54 

A-60 

A-60 

A-65 

A-65 

A-67 

A-67 

A-69 

A-76 

A-78 

A-78 

A-78 

A-78 

A-78 

A-78 

A-78 


R-23  Pines  River  B&M  Gate 

14  Floodgate  Alignments  1-5 

15  Floodgate  Plan  -  Alignment  l 

16  Floodgate  Plan  -  Alignment  2 

16A  Floodgate  Alignment  2  -  Plan  &  Profile 

17  Floodgate  Plan  -  Alignment  3 

18  Floodgate  Plan  -  Alignment  4 

19  Floodgate  Plan  -  Alignment  5 

20  Regional  Plan,  Revere  Beach,  Reach  A 

21  Regional  Plan,  Revere  Beach,  Reach  B 

22  Regional  Plan,  Revere  Beach,  Reach  C 

23  Regional  Plan,  Revere  Beach,  Reach  C  &  D 

24  Regional  Plan,  Point  of  Pines  Reaches  A  -  F 

25  Regional  Plan,  Point  of  Pines  Other  Features 

26  Regional  Plan,  Lynn  Harbor,  Reaches  B,  C  &  0 

27  Regional  Plan,  Lynn  Harbor,  Reaches  D,  E  &  F 


A-78 

A-93 

A-94 

A-94 

A-94 

A-94 

A-95 

A-95 

A-103 

A-104 

A-104 

A-104 

A-106 

A-lll 

A-lll 

A-lll 


A- 8 


problem  naunrrcAnoN 


SCOPE  OF  INVESTIGATIONS. 

The  following  investigations  were  accomplished  to  identify  the  extent 
of  flooding  problems  and  water  resources  needs  and  potential  solutions  in 
the  study  areas. 

-  obtained  topographic  mapping  or  aerial  maps  for  plotting  flood 
levels  which  showed  about  5000  flood  prone  buildings  (see  Table  1) ,  ground 
contours,  and  other  physical  features  in  the  study  area; 

-  conducted  over  500  flood  interviews  which  provided:  hew  past 
flooding  occurred,  available  flood  photographs,  problems  encountered,  and 
high  water  marks  for  floods  in  May  1967,  February  1972,  January  and 
February  1978,  January  1979,  June  1982,  July  1985,  December  3  &  31,  1986 
and  January  2,  1987; 

-  obtained  land  surveys  to  determine  the  elevations  of  shorefront 
structures,  bridge  openings,  road  and  railroads  surfaces,  hi^i  water 
marks,  and  first  floor  and  mininum  ground  elevations  for  floodprone 
buildings,  rivers,  marshes  and  gaging  stations: 

-  conducted  about  1500  interviews  to  obtain  damage  survey  information 
on  physical  and  nonphysical  losses  to  3700  buildings  at  various  flood 
levels  for  data  processing; 

-  established  several  recording  gaging  stations  and  staff  gages  in  and 
around  the  Saugus  and  Pines  River  Estuary  in  order  to  calibrate  an 
existing  numerical  model  for  use  with  the  130  years  of  tide  records  in 
Boston  Harbor; 

-surveyed  and/or  evaluated  thirty  miles  of  existing  shorefront  for 
physical  condition,  and  wave  runup  and  overtopping  potential ; 

-  evaluated  interior  areas  and  developed  f requel  icy  of  recurrence  for 
various  tidal  floodstages  in  24  flood  zones  under  non-project  conditions; 

-  had  aerial  photographs  taken  over  the  study  area  on  several 
different  days  to  determine  the  surface  water  level  and  resource  areas  in 
the  Saugus  and  Pines  River  estuaries  at  various  measured  tide  levels; 

-  conducted  hydrologic  evaluation  of  the  potential  runoff  from  the 
Saugus  and  Pines  River  watershed,  and  associated  storage  requirements  in 
the  estuary; 

-  conducted  field  investigations,  data  collection  and  sampling  and  a 
literature  search  to  identify  the  environmental  resources  throughout  the 
estuary  and  along  the  coasted  shorefronts; 
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-  conducted  water  quality  sampling,  gaging  and  modeling  of  the 
currents  in  the  estuary  and  rivers; 

-  conducted  literature  searches  on  the  socioeconomics,  environmental 
and  cultural  resource  aspects  of  the  project  area; 

-  evaluated  historical  maps,  past  policies,  legislation  and  plans  of 
others  to  determine  the  most  likely  development  in  the  study  area  for 
projecting  future  conditions; 


-  formulated  numerous  structural  and  nonstructural  alternative  plans, 
and  developed  costs  and  impacts  to  reduce  overtopping  and  tidal  flooding; 

-  evaluated  the  real  estate  and  potential  land  costs  of  constructing 
these  alternative  plans; 

-  conducted  about  100  meetings  with  the  public  to  coordinate 
development,  assessment  and  evaluation  of  these  plans;  and 

-  surveyed  and  evaluated  the  recreational  potential  of  parkland  at  the 
Revere  Beach  Reservation. 
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GRAND  TOTAL  -  Revere 

Win 

Residential 

Non-Residential 

Saugus 
East  Saugus 

Residential 

Non-Residential 


Upper  Saugus  River  &  Shute  BK 
Residential 
Non-Residential 

SAUGUS  TOTAL 

Residential 

Non-Residential 

TOTAL 

MAIDEN  -  Linden  BK 

Residential 

Non-Residential 

TOTAL 

TOTAL  STUDY  AREA 

Residential 
Ncn-Res ident ial 
GRAND  TOTAL 


STANDARD  FRQJECT 


100  YEAR 

NORTHEASTER 

698 

1170 

87 

130 

357 

365 

3 

5 

50 

100 

50 

80 

180 

720 

_20 

_ 80 

1285 

2355 

160 

295 

1445 

2650 

370 

670 

420 

570 

790 

1240 

525 

570 

25 

550 

600 

80 

240 

20 

60 

100 

300 

605 

810 

45 

90 

650 

900 

188 

205 

2 

5 

190 

210 

2448 

4040 

627 

960 

3075 

5000 

(Say  3100) 
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3ICAL  AND  EXISTING  CONDITIONS 


Die  following  sections  include  supporting  information  on  the 
socioeconomic  factors  affected  by  flooding  in  the  four  occnunities 
surrounding  the  Saugus  River  Marsh. 


SUMMARY  OF  WETLAND  LOSSES 

Die  following  explains  an  investigation  by  the  Corps  Enforcement  Unit 
on  unauthorized  work  in  the  Saugus,  Lynn  and  Revere  marsh  ocnplex.  Die 
investigation  included  24  sites  identified  in  the  IEP  Socioeconomic  Study 
of  July  1988  and  17  sites  identified  prior  to  and  during  the  July  to 
December  1988  investigation  by  the  Enforcement  unit.  Die  IEP  report, 
conducted  fear  this  investigation,  is  included  in  the  Socioeconomic 
Appendix. 

Before  reporting  the  results  of  this  investigation  a  few  remarks  to 
distinguish  the  limits  of  the  Corps  area  of  jurisdiction  and  the  methods 
used  by  the  Corps  to  evaluate  the  identified  sites.  Also,  the  methods 
used  by  IEP  to  identify  areas  where  fill  was  deposited  will  help  clarify 
the  differences  between  the  IEP  and  Corps  estimates  of  fill  placed  in 
wetlands.  Die  Corps  and  IEP  investigations  were  conducted  at  different 
levels  of  detail.  Briefly,  in  this  investigation  the  Corps  was  attempting 
to  document  the  discharge  of  fill  material  within  or  affecting  "waters  of 
the  United  States".  Basically,  this  would  include  wetlands  and  areas 
within  "tidal  waters".  To  determine  the  status  of  a  site,  the  Corps  had 
access  to  extensive  aerial  photography  from  the  60's,  70's,  80' s  and  a 
helicopter  flyby,  access  to  the  Corps  permit  and  enforcement  files,  ground 
visits  to  the  sites  and  access  to  other  federal  enplqyees  who  have  worked 
in  the  area  over  the  last  15  years. 


According  to  the  IEP  "Preliminary  assessment"  study,  60  acres  within 
the  study  area  were  filled  between  1978  and  1987.  IEP  focused  on  changes 
in  vegetation  between  1978  and  1987  aerial  photographs  within  wetlands, 
areas  within  tidal  waters  and  in  upland  areas  abutting  the  marsh.  Causes 
of  vegetative  changes  on  the  photographs  were  interpreted  as  fill.  Ground 
checks  were  not  employed  or  required  to  verify  the  interpretation  of  their 
data  for  this  initial  assesment.  Fires,  ecological  succession  or  causes 
other  than  the  discharge  of  fill  material  may  have  been  responsible  for 
the  vegetative  changes.  Most  of  the  upland  sites,  where  they  detected 
changes  in  vegetation,  will  probably  be  found  to  lie  within  the  100  year 
floodplain  but  are  outside  of  the  Corps  area  of  jurisdiction. 

Three  areas  in  the  estuary  were  not  included  in  either  die  IEP  or 
Corps  investigation.  These  are  the  1-95  fill,  the  Dematteo  land  fill  and 
the  RESOO  fill.  These  projects  account  for  the  major  portion  of  wetland 
fill  in  the  area  and  are  also  major  factors  in  affecting  the  character  and 
extent  of  the  remaining  wstlands.  For  example,  approximately  20  acres  of 
land  bounded  by  Ballard  St.,  1-95  fill,  Bristow  St.  and  Eastern  Ave.  in 
Saugus  was  saltmarsh  in  1967.  Because  of  the  restriction  to  the  movement 
of  water  caused  by  the  1-95  fill,  the  area  does  not  meet  the  definition  of 
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wetlands  described  in  the  Corps  Wetland  Delineation  Manual.  Areas  which 
have  lost  their  character  as  wetland  but  still  lie  below  the  elevation  of 
the  line  of  periodic  tided  influence  will  be  an  inviting  target  for 
developers,  unless  a  clear  and  defended  line  of  jurisdiction  is 
established  for  these  areas  continued  filling  activities  can  be  expected. 

It  may  be  possible  that  a  few  small  areas  on  the  perimeter  of  the 
marsh  were  filled  after  1968  but  were  undetected  due  to  an  absence  of 
aerial  photographs  or  other  evidence  that  would  reveal  those  fills.  If 
there  are  any  such  fills  they  would  be  few  and  insignificant. 

RESCUES :  Hie  following  information  was  obtained  from  investigating  the 
identified  sites  within  the  study  area: 

1)  SADGUS  -  IEP  identified  10  sites  and  the  Corps  identified  an  additional 
9  sites  within  Saugus.  Of  the  19  sites  investigated  13  have  been 
determined  to  be  undetectable  or  pre jurisdiction  fills,  2  sites  were 
authorized  by  permit  and  4  sites  have  been  opened  as  cases  in 
Enforcement.  Since  1968  a  total  of  approximately  75,000  sq.  ft.  of 
wetlands  have  been  filled.  Of  the  total  amount  of  wetlands  filled  about 
40,000  sq.  ft.  was  unauthorized.  Since  1978  about  35,000  sq.  ft.  of  the 
total  was  deposited. 

2)  LXNN  -  IEP  identified  5  sites  and  the  Corps  had  1  of  those  sites 
already  identified  within  Lynn.  Of  the  5  sites  investigated  3  have  been 
determined  to  be  undetectable  or  pre  jurisdiction  fills,  1  site  was 
authorized  and  1  site  was  opened  in  Enforcement  and  deferred  to  State 
action.  Since  1968  a  total  of  approximately  212,500  sq.  ft.  of  wetlands 
was  filled.  Of  the  total  amount  of  wetlands  filled  about  12,500  sq.  ft. 
was  unauthorized  and  this  was  deposited  after  1978. 

3)  REVERE  -  IEP  identified  9  sites  and  the  Corps  identified  another  8 
sites  within  Revere.  Of  the  17  sites  investigated  8  have  been  determined 
to  be  undetectable  or  prejurisdicticn  fills,  2  sites  were  authorized,  and 
7  sites  have  been  opened  as  Enforcement  cases.  Two  of  the  Enforcement 
cases  are  small  fills  and  would  be  likely  candidates  for  local  action. 
Since  1968  a  total  of  approximately  210,500  sq.  ft.  of  wetlands  was 
filled.  Of  the  total  amount  of  wetlands  filled  approximately  126,000  sq. 
ft.  was  unauthorized.  Since  1978  about  160,000  sq.  ft.  of  fill  was  placed 
in  wetlands.  About  5,500  sq.  ft.  of  this  amount  has  been  removed  through 
voluntary  restoration. 

4)  Since  July  1988  when  an  Enforcement  Point  of  Contact  was  publicized  for 
the  estuary,  the  Enforcement  Unit  responded  to  all  ocrrplairrts  frcra  local 
groups  and  private  citizens.  During  the  first  five  months  these  actions 
have  resulted  in  observing  1  permitted  action  and  issuing  5  Pease  and 
Desist  orders.  To  date  2  of  these  cases  have  resulted  in  voluntary 
restorations  and  the  other  3  cases  cure  in  various  stages  of  negotiations 
with  restoration  as  the  priority  objective.  An  additional  2  Cease  and 
Desist  Orders  were  issued  following  Corps  surveilllance  of  the  area. 
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Also,  contacts  have  been  established  between  the  federal,  state  and 
local  regulatory  authorities  in  the  area  to  coordinate  enforcement 
efforts.  With  the  network  of  agencies  and  concerned  groups  in  the  area  it 
is  extremely  unlikely  that  any  future  fills  will  go  undetected. 

SUMMARY:  The  Enforcement  Unit  evaluated  41  sites  within  the  Lynn, 
Saugus  and  Revere  marsh  cccplex.  IEP  identified  24  sites  with  changes  in 
vegetation  and  the  Corps  identified  another  17  sites  as  potential  or 
oonfinaed  unauthorized  fills.  The  number  of  investigated  sites  can  be 
grouped  as  follows: 

1)  undetectable  or  prejurisdicticn  fills  -  24 

2)  Permitted  fills  -  5 

3)  Cases  opened  in  Enforcement  -  12 

Excluding  the  1-95,  Dematteo,  and  RESCO  fills,  the  areas  that  those 
fills  have  impacted  and  possibly  a  few  small  undetected  perimeter  fills, 
the  following  list  is  an  estimate  of  the  amount  of  fill  placed  within 
Corps  jurisdiction  in  the  area: 


1)  From  1968  to  1988  fill  was  detected  at  17  sites  covering  a  total  area 
of  11.5  acres. 

2)  From  1978  to  1988  fill  was  detected  at  12  sites  covering  a  total  area 
of  4.7  acres. 

3)  From  1968  to  1988  unauthorized  fill  was  detected  at  12  sites  covering 
a  total  area  of  4.1  acres. 

4)  From  1978  to  1988  unauthorized  fill  was  detected  at  10  sites  covering 
a  total  area  of  3.9  acres. 

Between  July  and  November  of  1988  the  Enforcement  Unit  issued  7  Cease 
and  Desist  orders  for  sites  within  the  area.  At  the  present  time  2  cases 
have  been  voluntarily  restored,  2  cases  are  preparing  plans  for  voluntary 
restoration  and  1  case  is  being  negotiated  with  restoration  as  the 
objective.  The  remaining  2  cases  had  just  been  initiated  and  their 
disposition  was  dependent  on  a  response  from  the  individuals.  Figure  1A 
shews  the  location  of  sites  investigated. 

REVERE  BEACH  RESERVATION 

The  Revere  Beach  Reservation  dates  back  to  1895.  The  existing  four 
sets  of  open-aired  pavilions  were  constructed  in  1897  and  1904,  about  the 
same  time  as  the  Metropolitan  District  Ccmissicn  (MDC)  police  station. 

The  reservation,  which  is  owned  and  operated  by  the  MDC,  runs  from  Eliot 
Circle  to  Carey  circle,  at  the  north  end  of  the  beach,  about  two  and  a 
half  miles.  It  was  the  first  public  beach  with  facilities  in  the  U.S. 

The  beach  has  enjoyed  a  long  history  with  reportedly  500,000  people  using 
the  beach  on  a  peak  day.  The  central  part  of  the  beach  for  several 
decades  was  an  amusement  center  as  well.  When  the  attractions  started 
deteriorating,  attendance  declined  sharply.  Today  the  amusements  have 
been  removed  and  sane  improvements  in  1978  and  1979  have  caused  about  a  10 
percent  increase  in  attendance  to  around  25,000  people  on  a  peak  day 
according  to  the  MDC.  The  beach  is  open  and  used  year  round  for  passive 
recreation. 


A-14 


Figure  1A 


The  eroded  condition  in  accessible  parts  of  the  beach  has  also 
contributed  to  the  decline  in  attendance.  In  the  central  and  northern 
sections  of  the  beach  (Reaches  B  and  D)  tides  lap  at  the  seawalls  for 
hours  before  and  after  high  tide. 

The  major  parking  areas  are  located  in  the  wonderland  area  (Reach  B) . 
Parking  is  also  available  along  the  2  1/2  miles  Revere  Beach  Blvd. 

Crescent  Beach  (Reach  A)  about  200  feet  vide  at  high  water  is  crowded  on 
peak  days.  Space  is  generally  available  in  Reach  C. 

The  Master  Plan  for  the  reservation  includes  demolition  of  the 
bathhouse  and  laundry  building  attached  to  the  Ocean  Ave.  side  of  the 
Police  Station.  Construction  is  planned  for: 

.  a  new  garage  to  the  north  end  of  the  police  station  (Reach  B6) . 

.  a  new  raised  parkland  located  on  the  cleared  land  between  Ocean 

Avenue  and  Revere  Beach  Parkway  running  frtm  either  side  of  the  Police 
Station  to  hold  back  flood  waters,  and  provide  lawns,  sidewalks, 
landscaping  for  recreation,  and  have  a  rolling  irregular  ridgeline  10 
to  15  feet  above  existing  round  (Reaches  B5  and  B7) . 

.  a  secondary  granite  sitting  wall  along  the  boulevard  which  would  also 
provide  a  retaining  wall  for  a  flood  water  storage  basin  (B5  to  B7) . 

.  road  ranps  in  the  vicinity  of  (1)  Shamut  St.  on  the  north  side  of  the 
police  station  over  the  embankment  and  (2)  a  ranp  cn  the  boulevard 
just  north  of  the  beach  St.  Pavilion  (in  Reach  Bl)  to  ocnplete  the 
flood  water  storage  basin  at  the  south  end.  This  ranp  would  create 
high  ground  from  the  park  embankment  to  the  seawall. 

.  beach  restoration  in  Reach  A,  B,  Cl  and  C2  (the  northern  limit  of  the 
Master  Plan) . 

.  construction  of  major  pedestrian  entrances  to  the  parkland  and  beach 
(Reach  B5) ,  i.e.  from  the  Wonderland  META  station  similar  to  the  one 
completed  for  the  Revere  Beach  META  Station. 

.  other  features  generally  in  Reaches  B5  to  B7  include  for  exanple:  a 
renovated  sanitary  and  a  new  small  bathhouse;  improved  drainage, 
extensive  lighting,  benches,  drinking  fountains?  a  boardwalk  along  a 
narrowed  boulevard  which  would  be  closed  to  traffic  in  the  summer,  and 
raising  Ocean  Avenue. 

The  phasing  cf  these  improvements  is  described  in  the  Master  Plan; 
however  construction  dates  have  not  been  set  since  it  is  dependent  cn 
funding.  It  is  assumed  the  bathhouse  would  be  removed  within  the  next  10 
years  by  the  MDC.  The  total  cost  of  the  Master  Plan  at  December  1978 
price  levels  was  $54,000,000  which  includes:  $18,000,000  for  beach 
restoration;  2,300,000  for  pavilion  restoration;  $8,800,000  for  demolition 
and  construction  of  seawalls  frtm  Eliot  Circle  to  Oak  Island  St.  Pavilion; 
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and  $7,500,000  for  park  structures  and  development  and  $17,400,000  for 
other  features  primarily  roads,  utilities,  walkways,  secondary  seawalls 
and  other  MDC  and  beach  facilities. 

Rase  1  of  the  Master  Plan  was  acccnplished  in  1978  and  1979  at  a  cost 
of  $1.1  million.  It  included  demolition  of  buildings  and  clearing  the 
area  for  the  park  embankment  (Reach  B5  &  B6) .  This  short  section  of  the 
park  was  constructed  behind  Reach  A2  between  the  Revere  Beach  META 
Station,  and  the  Shirley  Ave/Beach  St.  Pavilions.  Other  improvements  have 
included  renovation  of  the  MDC  Police  Station.  Restoration  of  the 
pavilions  are  scheduled. 

The  proposed  parkland  would  provide  significant  benefits  to  the 
Reservation  in  its  appearance  and  diversity  of  use.  The  proposed  park 
excluding  the  completed  Fhase  l  Park,  between  Beach  Street  and  Revere 
Street,  (3800  ft.  long  by  80  to  100  ft.  wide)  would  have  a  usable 
recreation  area  of  about  280,000  square  feet  and  a  comfortable  capacity  of 
3700  people. 

NAVIGATION 

There  are  about  400  vessels  that  use  the  Saugus  and  Pines  Rivers  for 
navigation  and  including  about  350  which  pass  through  the  existing  100 
foot  wide,  27  foot  high  (when  bridge  deck  is  closed)  navigation  opening 
under  the  General  Edwards  Bridge.  The  350  vessels  include  280 
recreational  power  and  sail  boats,  and  70  ccmnercial  lobster  and/or 
f infish  boats  upstream  of  the  General  Edwards  Bridge  (Gen.  Ed.  Bridge) . 

In  addition  the  General  Electric  River  Works  is  serviced  by  fuel  barges 
about  once  a  month.  There  are  several  hundred  additional  vessels  in  Lynn 
Harbor  and  Point  of  Pines  Yacht  Club. 

RISING  SEA  LEVEL 

Sea  level  has  been  rising  world  wide  at  various  rates  for  thousands  of 
years  as  a  result  of  retreating  glaciers.  The  most  recent  historic  rate 
of  rise  in  the  project  area  has  been  based  on  data  collected  from  the 
Boston  NOS  gage  from  1922  to  1980  and  is  estimated  at  about  0.008  ft/yr  or 
slightly  less  than  l-foot/100-years.  In  recent  years  there  has  been  much 
discussion  regarding  a  potential  increased  rate  of  future  sea  level  rise. 
This  phenomenon  is  related  to  a  gradual  warming  of  the  earth's  atmosphere 
associated  with  increased  emissions  of  carbon  dioxide  and  other  gasses  on 
earth.  The  termed  atmosphere  may  promote  expansion  of  near  surface  ocean 
water  and  increase  the  rate  of  melting  glaciers,  thereby  hastening  the 
rate  at  which  ocean  levels  appear  to  be  rising.  The  scientific  ocrrunity 
appears  in  general  agreement  that  the  rate  of  global  sea  level  rise  will 
increase;  however,  there  is  lack  of  precision  and  agreement  as  to  how  much 
the  increase  will  be. 

In  one  of  the  most  recent  reports  published,  in  1987,  the  National 
Research  Council  recently  suggested  that  the  sensitivity  of  design 
calculations  and  policy  decisions  be  evaluated  based  on  three  plausible 
variations  in  sea  level  rise  to  the  year  2100,  all  showing  greater  rate  of 
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rise  in  the  distant  future  than  in  the  next  decade  and  all  with  an 
increased  rate  of  rise  relative  to  the  present:  1.6,  3.3  and  4.9  feet. 

In  the  Corps  most  recent  document,  published  in  January  1988  by  the  Board 
of  Rivers  and  Harbors,  it  was  suggested  that  Corps  projects  should  be 
evaluated  using  as  a  minimum,  the  historic  rate  of  rise,  and  also 
completing  a  sensitivity  analysis  for  the  Project  using  the  NRC's 
findings.  Additional  information  is  provided  in  the  Hydraulics  and 
Hydrology  Appendix. 

FD30D  LEVELS  AND  FREQUENCIES 

In  1984,  five  automatic  recording  gaging  stations  were  installed  and 
operated  by  the  U.S.  Geological  Survey  in  the  study  area  to  determine  tide 
levels.  Two  stations  were  located  in  Broad  Sound:  one  at  Sinpscn's  Pier 
at  Roughans  Point  and  one  at  Bay  Marine's  Gas  Wharf  Inlet  in  Lynn  Harbor. 
One  was  installed  on  the  Saugus  River  at  the  Route  107  draw  Bridge,  and 
two  on  the  Pines  River:  one  at  Broad  Sound  Tuna  Club  (lower  river)  and 
one  at  Atlantic  Lobster,  on  the  east  side  of  Route  107. 

The  corps'  Waterways  Experiment  Station  prepared  a  hydrodynamic  model 
of  the  estuary  calibrated  to  normal  tide  levels.  The  calibrated  model  was 
used  to  predict  storm  tide  -  frequency  in  the  Saugus  and  Pines  Rivers  and 
Broad  Sound  using  Boston  gage  records.  Topo  mapping  of  the  area  and 
surveys  of  bridges  and  the  river  bottoms  were  provided  for  the  model 
effort.  Figure  lb  shows  the  results  of  the  model  effort.  The  resulting 
tide  data  far  the  estuary  had  a  high  degree  of  confidence,  especially  east 
of  Route  107  since  gaging  stations  data  was  used,  west  of  Route  107  the 
results  are  very  preliminary.  West  of  107  the  Corps  collected  additional 
gaging  data  to  evaluate  these  areas.  To  be  explained  in  the  next  section 
over  500  interviews  were  held  resulting  in  establishing  high  water  marks 
collected  throughout  the  study  area  to  assist  in  developing  flood  stage 
frequencies  on  developed  land. 

EXISTING  SHOREFRCNT  STRUCTURES 

The  study  area  has  over  30  miles  of  existing  storefront  structures 
along  Revere  Beach,  Lynn  Harbor  and  the  Saugus  and  Pines  Rivers  Estuary 
Storefronts.  The  structures  include  steel,  concrete,  granite  and  timber 
walls;  and  rock,  rubble,  shrubbery  and  grass-faced  embankments.  Their 
purpose  are  to  hold  back  soil  from  erosion,  break  waves,  reduce  wave 
overtopping  and  flooding  and  to  act  as  retaining  walls  to  told  soil  in 
place.  About  two  miles  of  boat,  fishing  and  ocranercial  piers  are  located 
along  the  Saugus  and  Pines  Rivers. 

Vollmer  Associates  completed  a  shorefront  inventory  and  assessment  of 
the  replacement  costs,  maintenance,  and  structural  life  of  a  major  portion 
of  the  shorefront  in  1986.  This  information  has  been  supplemented  over 
the  past  year  with  completion  of  the  overall  inventory  for  shorefront 
structures  valued  at  over  $65  million  (1986  price  level) .  Addendum  #2 
shews  the  "Summary  of  the  Shorefront  Inventory  and  Analysis",  and 
estimated  replacement  and  maintenance  costs.  Revere  Beach  seawalls  are 
not  included  since  the  Erosion  Control  Project  eliminate  most  storm  damage 


A- 17 


TIDE  STAGE  VS.  FREQUENCY  CURVE  COMPARISON 


TIDE  EVENT  4  FREQUENCY 


500 

100 

50 

10 

1.1 

SPN 

YEAR 

(1978) 

YEAR 

(1979) 

YEAR 

(0.2%) 

(1%) 

(2%) 

(10%) 

(99.9%) 

LOCATION  STILLWATER  TIDE  STAGE  (ELEVATION,  FT.  NGVD) 

BOSTON  HARBOR  12  112  10.3  9.9  '  91  7  9 

BROAD  SOUND* 

1- ROUGHANS  POINT  N  11.3  10.4  10.0  9.2  7  8 

2- REVERE  BEACH  n  112  10.4  10.0  9.1  7  8 

3- POINT  OF  PINES  D  11.2  10.4  10.0  9.2  7  8 

4- LYNN  HARBOR  E  T  112  10.4  10.0  9.2  7  8 

SAUGUS  RIVER*  T 

5- EAST  OF  RT.  107  E  11.3  10.6  10.2  9.3  7.9 

6- WEST  OF  RT.  107  R  11.5  10.7  10.2  9.3  8.0 

PINES  RIVER*  M 

7- MOUTH  TO  B  4  M  R.R.  1  11.3  10.5  10.1  9.2  7.9 

8- B  4  M  R.R.  TO  RT.  107  N  11.7  10.7  10.3  9.2  7.7 

9- RT  107  TO  1-95  FILL  E  11.9  10.8  10.4  9.3  7.7 

10- WEST  OF  1-95  FILL  D  11.9  10.8  10.4  9.3  7.7 

•PRELIMINARY  DATA  DEVELOPED  IN  1985  BY  THE  CORP  S  WATERWAYS  EXPERIMENT 
STATION  FROM  A  NUMERICAL  MODEL  CALIBRATED  USING  THE  BOSTON  NOS  GAGE  AND 
FIVE  GAGE  STATIONS  INSTALLED  IN  1984  BY  THE  U.S.G.S.  IN  THE  STUDY  AREA. 
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VS.  FREQUENCY 


FIGURE  IB 


to  seawalls.  These  structures  are  the  first  line  of  defense  against  tidal 
surges,  flooding  and  wave  action  along  the  coast  and  riverbanks.  Slight 
to  severe  deterioration  is  evident  all  along  the  shoreline.  Generally, 
the  structures  were  not  designed  for  coastal  stems,  wave  action, 
highwater,  saturated  soil  and  flood  conditions.  As  a  result  are 
significant  damages:  rapid  deterioration,  erosion  from  overtopping,  and 
sliding  of  rock  and  rubble  off  embankments. 

Damages  to  piers  results  from  uplifiting  of  decks,  loosening  of 
fasteners,  rotting  of  connections  and  damage  fran  wave  action. 

OVERTOPPING  OF  SHDREFRCOT  STRUCTURES 

The  study  area  was  divided  into  a  number  of  geographic  areas  with  five 
areas  identified  as  having  concentrated  damages.  They  are: 

Revere  Beach  Backshore,  City  of  Lynn, 

East  Saugus,  Town  Line  Brook,  and  Northgate. 

These  areas  were  investigated  as  local  protection  areas.  Their 
shorefronts  were  surveyed  and  evaluated  to  determine  their  potential  for 
being  overtopped  by  storm  tides. 

REVERE  BEACH  BACKSHORE  -  Topographic  mapping  was  obtained  at  a  scale  of 
one  inch  equals  100  feet,  with  two  foot  contours  and  spot  elevations  at 
each  building.  In  addition,  land  surveys  were  obtained  along  the  Revere 
beach  seawall  and  beach  along  roads  and  railroad  embankments.  Table  2 
shows  the  type  of  shorefrent  features,  top  elevations  and  top  of  runup  for 
designated  reaches  around  the  perimeter  of  the  Revere  Beach  Backshore  Area 
(Plate  1) .  The  volume  of  water  overtopping  the  shorefrorit  is  a  factor  of 
the  intensity  of  the  storm's  winds,  waves,  wind  direction,  depth  of  water 
fronting  the  structure  at  the  shorefrent,  the  slope  of  the  structure  and 
other  variables.  Table  2  summarizes  the  results  of  wave  runup  for  three 
storm  tide  Stillwater  levels  E  L.10.3,  11.2  and  12.0  ft.  NGVD.  under  1989 
tidal  conditions,  these  storm  levels  have  been  assigned  recurrence 
intervals  of  100  year,  500  year  and  the  SFN  events.  The  Stillwater  level 
is  the  storm,  level  of  the  tides  without  the  wave  action.  The  assigned 
frequency  is  based  on  historical  data  in  Boston  Harbor.  The  top  elevation 
of  runup  is  the  top  elevation  storm  tide  waters  reach  after  waves  hit  and 
run  up  above  a  structure.  The  higher  the  top  of  runup  is  above  the 
structure's  top  elevation,  the  greater  is  the  volume  of  overtopping. 
Generally  in  the  first  foot  of  runup  above  a  structure  there  is  very 
little  water.  The  volume  of  water  overtopping  increases  exponentially  as 
the  top  of  runup  rises  above  the  structure. 

Along  Revere  Beach  two  areas  shew  the  potential  for  significant 
overtopping  at  the  100  year  (1978) ,  500  year  and  SFN  storm  tide  levels. 

One  area  is  reaches  B1-B4  ( 1)  running  fran  the  north  end  of  the  Band  Stand 
Pavilion  1&2  (north  of  Beach  Street)  to  Pavilion  #5  at  the  end  of  Revere 
Street.  The  other  area  of  overtopping  is  at  the  north  end  of  Revere  Beach 
fran  the  north  access  rairp  past  the  concrete  steps  to  the  northern  circle, 
reaches  C5  and  Dl-2. 
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TABLE  2 


Revere  Beach  Backshore 


EXISTING  SB 


AND  PLNUP 


Ten  Elevation  of  Runup 


(ft.  NGVD) 

Existing 

Structure 

Structure 

Top 

100 

500 

Reach 

lenoth 

Description 

_ Elev. 

Year 

Year 

SEW 

(feet) 

(Stillwater  Tide  Levels:) 

(EL.  10.3)  (EL.  11.2) 

(EL.  12) 

A1 

1430 

wail 

16.2 

12.3 

13.2 

14.0 

A2 

525 

Wall,  Pavilion  1&2 

19.3 

13.0 

13.9 

14.7 

B1 

1475 

Wall 

16.4 

18.7 

21.6 

26.8 

B2 

570 

wall,  Pavilion  3&4 

20.4 

28.4 

30.9 

33.0 

B3 

1515 

Wall  &  Apron 

16.8 

17.0 

18.5 

19.5 

B4  (1) 

270 

Wall,  Pav.  #5 

18.0-20.6 

23.7 

26.5 

30.0 

B4(2) 

275 

wall,  Pav.  #6 

18.0-20.6 

13.7 

14.7 

15.9 

Cl 

1355 

Wall 

16.9 

13.7 

14.7 

15.9 

C2 

565 

Wall,  Pav.  7&8 

20.4 

13.7 

14.7 

15.9 

C3 

1360 

wail 

16.1 

12.5 

13.5 

14.4 

C4 

1300 

Wall 

15.9 

12.9 

13.9 

14.8 

C5 

660 

wail 

15.9 

21.4 

22.3 

24.8 

D1 

1480 

Wall  &  Steps 

15.9 

21.4 

22.3 

24.8 

D2 

900 

wail 

15.8 

16.4 

17.9 

20.1 

D3 

(See  Point  of  Pines  Reach  A) 

E 

1160 

Lynnway 

11.0-13.3 

— 

— 

— 

Pines  River  Stillwater  Tide  Levels: 

F 

400 

Gibson  Park 

7-10 

10.5 

11.3 

12 

G 

2650 

Riverbank 

7-9 

(Overtopped 

H 

2900 

Rt.107  &  Bank 

8-9.5 

From 

I 

1400 

Ground 

6-10 

Pines 

J 

2730 

B&M  RR  Bed 

7-12 

River) 

K 

1500 

Parkway 

10-14  Overtopping  above  100  year  level 

Interviews  with  residents  and  highwater  marks,  discussed  in  the  next 
section,  ca  firmed  the  tremendous  amount  of  water  which  overtopped  these 
reaches  of  seawalls  in  1978. 

Also  confirmed  was  that  no  overtopping  occurred  for  Crescent  Beach, 

Reaches  Al-2,  and  the  area  just  north  of  Revere  Street  frcm  Pavilion  #6  to  and 
including  Reaches  Cl-4  for  the  beach  fronting  Oak  Island  Street.  These  two 
beaches  have  been  stable  or  aocretting  (building  up  naturally)  since  the  beach 
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was  first  surveyed  in  1900.  Discussion  with  oceanographers  who  have 
investigated  the  beach  expect  the  beach  to  remain  stable  in  the  future  as  long 
as  its  maintained. 


The  two  eroded  sections  are  locations  where  refracted  waves  result  in  a 
concentration  of  energy  being  rii.sapateri  causing  faster  erosion  and  loss  of 
sand. 

Reach  E  is  the  Lynn  way.  Water  in  1978  overtopped  Point  of  Pines 
shorefront  and  flowed  over  the  Lynn  Way. 

Reaches  F  to  J  are  overtopped  from  Gibson  Park  past  Oak  Island  to  Revere 
Street  from  tidal  surges  up  the  Pines  River.  Almost  the  entire  Pines  River 
stretch  is  overtopped  by  10  year  frequency  storms  (Stillwater  level  EL.9.2) 
and  more  frequent  events.  The  same  is  true  for  the  Reach  B  seawall  which  MDC 
reported  overtopping  occurs  many  times  each  year. 

The  Revere  Beach  Backshore  area  is  flooded  frequently  based  on  both  the 
reports  of  interviews,  confirmed  with  photographs.  Corps  observations  during 
storms  and  based  an  analysis  of  runup  conditions. 

POINT  OF  PINES  -  The  Point  of  Pines  topo  maps  were  obtained  concurrent  with 
Revere  Beach  Backshore  in  1981  with  spot  elevations  at  each  building.  The 
most  recent  land  survey  was  accomplished  all  along  the  shorefront  in  1986  at  a 
scale  of  one  inch  equals  20  feet  and  one  foot  contours.  Table  3  shows  the 
type  and  top  elevations  of  existing  shorefront  structures  and  the  runup 
reported  in  the  Carps'  Point  of  Pines  Detailed  Project  Report  for  Coastal 
Flood  Protection,  dated  October  1984.  Plate  2  shows  a  plan  of  Point  of  Pines. 

Reach  A,  Carey  Circle  or  the  Northern  circle  of  Revere  Beach  was 
significantly  overtopped  in  1978,  as  confirmed  by  the  rump  analysis.  Reach  B 
contributes  the  most  amount  of  water  into  Point  of  Pines  from  overtopping,  and 
Reach  C  and  D  to  lesser  amounts.  Only  at  the  peak  of  the  1978  flood  did 
residents  report  the  dunes  being  breached  at  an  eroded  walkway  location  at  the 
south  end  of  the  dunes  in  Reach  E.  Residents  also  reported  sane  overtopping 
of  the  reach  F  wall  along  the  Saugus  River.  At  Reach  G  the  ocean  poured  in 
freely  over  the  ground  near  the  Yacht  Club. 

In  1978  and  1972  residents  reported  boulders  in  Reach  B  moved  back  toward 
the  hemes  and  also  fell  onto  the  beach.  In  1978,  the  Reach  C  precast  wall  on 
boulders  was  undermined  causing  the  collapse  of  the  asphalt  apron  behind  the 
wall.  The  Reach  D  wall  is  a  sturdy  cast  in  place  wall.  The  Reach  F  precast 
block  wall  is  in  sections  and  sits  on  an  exposed  slab  resting  on  rocks.  There 
are  spaces  between  the  wall  sections.  The  dunes  in  Reach  E  are  eroded  at  the 
end  of  each  street  where  foot  traffic  has  killed  the  dune  grass.  A  beautiful 
sandy  beach  fronts  the  dunes  and  is  largely  owned  and  maintained  by  the  Point 
of  Pines  Beach  and  Conservation  Association.  The  beach  is  naturally  nourished 
by  the  net  movement  of  sand  toward  the  Point  where  a  spit  of  sand  has  formed 
jotting  out  toward  the  east  fretn  the  Point. 
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Reaches  Along  Shorefront  "A  to  G” 


POINT  OF  PINES 
GENERAL  PLAN 


PLATE  2 


Point  of  Pines  is  subject  to  severe  flooding  from  overtopping  along 
much  of  their  storefront  and  frequent  flooding  from  overtopping  by  the 
Yacht  Club.  It  was  one  of  the  hardest  hit  neighborhoods  in  the  '78 
storm.  Residents  remember  the  Blizzard  of  '78  as  a  freezing  cold  and  wet 
night  without  electricity.  Many  waited  overnight  to  be  evacuated  with 
their  families. 

State  financing  of  their  local  protection  project  may  have  been  a 
possibility  had  they  been  willing  to  turn  their  beach  over  to  the  state,  a 
requirement  under  a  special  program  administered  by  the  state's  Coastal 
Zone  (CZM)  Management  Office  for  funding  small  coastal  projects.  They 
have  owned  and  maintained  their  beach  since  the  1930 's.  Many  residents 
are  strongly  opposed  to  free  public  access  of  their  beach  which  they  fear 
would  over  run  the  beach  and  dunes,  degrading  their  neighborhood  and 
damaging  the  sensitive  ecology  and  wildlife  of  the  dunes. 

The  city  of  Revere  indicated  that  if  Piont  of  Pines  features  were  part 
of  the  Regional  Plan  (which  they  are  for  floodgate  alignments  1  and  2) , 
their  beach  would  not  likely  be  a  requirement  for  state  funding.  The 
large  Regional  Plan  would  be  separately  funded  by  the  state  legislature 
and  not  be  eligible  for  the  CZM  program. 


TABLE  3 


Reach  length 


(feet) 

A 

230 

B 

440 

C 

430 

D 

450 

El 

320 

E2 

350 

E3 

500 

E4 

600 
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Point  of  Pines 

STRUCTURES  AND  RUNUP 


Detailed  Project  Report 
Too  Elevation  of  Runup 
(ft.  NGVD) 

Existing 

Structure 

Description 


10 

100 

500 

Top 

Year 

Year 

Year 

§mx 

(EL. 

,  ft. NGVD) 

Stillwater  Levels: 

EL.  9« 

,0  EL. 10.3 

EL.  11 

.  2  EL.  13 

wail 

16.5 

24.0 

29.9 

33.1 

35.3 

Riprap 

14.7-15.9 

17.9 

19.6 

21.1 

23.0 

wail 

16.4 

— 

16.7 

27.7 

35.5 

wail 

15.4 

— 

14.7 

18.2 

24.0 

Dunes 

12+—15 

— 

13.4 

14.3 

16.6 

Dunes 

13-16 

— 

13.4 

14.3 

17.5 

Dunes 

14-15 

— 

13.1 

14.4 

18.9 

Dunes 

13-14 

— 

12.9 

14.0 

16.5 

Wall 

12-12.9 

H± 

12± 

13± 

15± 

Ground 

8. 5-9.0 

Tides  Exceed 

Ground 

Level 

F 

G 


970 

730 
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NCKDGATE  -  The  Northgate  area  was  evaluated  using  1978,  one  inch  equals 
400  feet  and  5  foot  contour  mapping.  In  addition  ground  surveys 
established  first  floor  and  ground  elevation  for  each  building.  The 
following  Table  4  shows  the  top  of  ground  elevations  far  each  Reach  on 
Plate..3- 


TABLE  4 


NCRUCAIE 


SHCREFRCHT-AHD  TICE  LEVELS 


_A_ 

Length  (feet) 

2950 

2350 

Storefront  Description: 

Existing  Ground 

Storefront  top  elev.  (Ft.  NGVD) 

Pines  River  Storm  Stillwater  Tide  Elev.  (Ft. NGVD) : 

7-10 

7-10 

100  year 

10.8 

10.8 

500  year 

11.9 

11.9 

SEN 

12.7+ 

12.7+ 

Table  4  shows  the  potential  overtopping  for  severe 

storms. 

TOWN  LINE  BROOK  -  Plate  4  shows  the  reaches  for  the  storefront  which 
reduces  tide  waters  from  overflowing  into  the  Town  Line  and  Linden  Brook 
floodplains.  Both  1971  and  1978,  5  foot  contour  mapping  was  used  in 
addition  to  1985  ground  surveys  to  evaluate  the  storefront.  Table  5  shows 
the  storefront  features  and  elevations  for  each  reach. 


TABLE  5 

TOWN  LINE  BROOK 

Basra*?  s&ssB££Ljmjns&JEZEi& 


Reach 


A 

_S1_ 

J£L 

Length  (Feet) : 

1100 

200 

600 

1050 

Storefront  Description: 

(US  #1  Road  Surface) 

Dike 

&  RR 

Top  Elevation  (Ft. NGVD) 

14.4  min. 

12.8  min. 

15 

8.1-16 

Pines  River  Storm  Stillwater  Tide  Elevation  (Ft.  NGVD) : 


100  year  10.8  (same) 
500  year  11.9  (same) 
SFN  12.7+  (same) 


Table  5  shows  that  overtopping  Reaches  A  to  B2  would  not  likely  be  a 
problem  until  reaching  about  the  500  year  or  SEN  events  when  wind  driven 
waves  are  likely  to  flood  over  onto  U.S.  Rt.  1.  In  Reach  C  however  the 
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existing  MDC  dike,  which  prevents  tides  fran  flowing  into  the  Town  Line 
and  Linden  Brook  floodplains,  drop6  as  low  as  elevation  8.1.  At  this 
elevation  storm  tides  with  a  one  year  frequency  at  about  EL.  8  probably 
overtop  the  dike  sending  a  small  amount  of  tide  water  into  the  ditch 
behind  the  dike  which  flows  into  the  floodplain.  For  events  exceeding  a 
yearly  occurrence,  tide  waters  can  be  expected  to  contribute  significant 
amounts  of  water  into  the  Town  Line  and  Linden  Brooks  and  their 
floodplain,  The  MDC  is  scheduled  to  raise  the  storefront,  repair  the 
existing  tide  gates,  and  construct  a  $25  million  dollar  punping  station 
and  interior  drainage  improvements  in  the  future.  These  MDC  measures 
would  considerably  help  reduce  flooding  for  the  projects'  design  event  of 
a  50  year  runoff  coinciding  with  a  mean  high  tide. 

Reconnaissance  studies  of  the  Town  Line  and  Linden  Brook  watershed 
were  conducted  by  Vollmer  Associates  for  this  study  to  determine  potential 
flooding  in  Revere  and  Malden.  High  water  mark  information  revealed  that 
in  both  the  1978  and  1979  events,  flood  levels  reached  about  elevation  7 
to  8  ft.  NGVD  in  the  lower  part  of  the  watershed.  The  most  extreme 
flooding  conditions  are  caused  during  periods  of  interior  runoff 
aooonpanied  by  high  tides,  since  the  outlet  of  the  Town  Line  Brock  has 
tide  gates  which  both  prevent  tides  in  the  Pines  River  from  backing  up  the 
brook,  and  retards  drainage  from  the  brook.  In  1987  the  brooks  were 
reported  to  only  reach  the  tops  of  their  banks.  The  1978  and  1987  storms 
were  not  accompanied  by  significant  runoff  as  occurred  in  1979. 

A  1985  report  on  proposed  drainage  and  punping  improvements  for  the 
watershed  to  reduce  flooding  was  accomplished  for  the  Metropolitan 
District  Commission  by  HayderHWegman  Inc.  The  report  showed  that  during 
either  a  10  or  50  year  runoff  event  the  difference  in  interior  flood 
levels  rose  one  foot  when  tides  rose  from  a  Mean  High  Tide  of  (4.8  ft. 
NGVD)  to  about  a  5  year  tide  (EL.  8.3) .  Tides  higher  than  this  would 
significantly  overtop  the  storefront  dike  (minimum  top  elev.  8.1  ft. 

NGVD) .  Overtopping  of  the  dike  combined  with  interior  runoff  would  likely 
increase  flood  levels  by  over  one  foot  when  associated  with  tides  greater 
than  EL.  8.3. 

In  the  watershed  runoff  is  retarded  by  under  sized  culverts.  During  a 
mean  high  tide  only  and  a  50  to  100  year  runoff,  reported  flood  levels 
would  be  about  EL.  12  ft.  NGVD.  If  these  runoff  events  are  accompanied  by 
coastal  storms  with  very  high  tides,  flood  levels  would  likely  be  higher 
than  EL.  12.  In  the  EL.  12  floodplain  there  are  about  800  buildings  in 
Revere  and  210  in  Malden. 

With  the  MDC's  proposed  project,  flood  levels  would  be  substantially 
reduced.  The  design  criteria  is  a  50  year  runoff  accompanied  by  a  Mean 
High  Tide.  Since  the  MDC  has  funds  to  design  the  project,  the  Corps  has 
assumed  the  project  would  be  built.  Therefore  the  only  additional  effort 
by  the  Corps  was  to  estimate  the  cost  of  storefront  improvements  needed  to 
prevent  tides  fran  overtopping  the  storefront  into  the  watershed. 

The  cost  of  these  storefront  improvements  would  either  be  incurred  by 
the  MDC  for  their  project,  or  not  be  required  with  the  Regional  Floodgate 
Plan  which  would  prevent  overtopping  of  the  storefront.  The  cost  savings 
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would  be  benefits  to  the  Regional  Plan.  Whether  the  MDC  project  is 
ultimately  built  or  not,  the  Regional  Plan  would  help  to  reduce  flood 
levels  in  the  watershed  by  preventing  tide  levels  in  the  Pines  River 
outlet  of  Tcwn  Line  Brook  from  exceeding  about  EL.  8  ft.  NGVD.  This  would 
allow  flood  waters  in  the  watershed  to  flow  faster  through  the  existing 
MDC  tidegates  to  the  Pines  River. 

The  Regional  Plan's  Saugus  River  Floodgates  will  not  be  operated  to 
eliminate  interior  runoff  flooding  in  the  watershed.  The  MDC  report  shows 
that  for  their  project's  design  ocndition  their  punping  station  would  need 
to  draw  water  down  to  about  EL.  2  ft.  NGVD  for  the  50  year  runoff  event. 
The  Floodgates  would  not  be  operated  solely  for  runoff  flooding.  If  it 
were  operated  for  this  or  more  frequent  runoff  conditions,  ecological 
damage  would  likely  occur  to  the  estuary.  The  MDC  reportd  the  dike  would 
likely  be  raised  to  provide  a  100  year  tide  level  of  protection  ,  without 
the  Regional  Plan. 

EAST  SAUGUS  -  The  East  Saugus  area  was  evaluated  for  shorefront 
overtopping  and  flooding  using  1974  Massachusetts  DEW  topographic  mapping 
at  a  scale  of  one  inch  equals  100  feet  and  two  foot  contours.  To  obtain 
elevations  of  ground  levels  near  each  building  and  the  buildings  first 
floor  elevation  far  damage  surveys,  ground  surveys  were  used.  At  the  same 
time  road  and  high  water  mark  elevations  were  also  obtained. 

Table  6  and  Plate  5  shew  the  reaches  and  top  elevations  of  shoreline 
structures.  Also  shewn  are  the  rivers  Stillwater  tide  levels  for  various 
frequency  floods.  Actual  storm  water  levels  can  range  up  to  about  two 
feet  higher  in  some  areas  due  to  about  two  foot  waves  and  winds  forcing 
the  water  higher  an  land.  As  shewn  in  the  table.  East  Saugus'  entire 
perimeter  is  subject  to  overtopping  for  the  100  year  event.  In  addition 
starting  with  a  one  year  tide  of  about  EL.  7  in  Reach  A  and  EL.  8  in 
Reaches  B  to  H,  frequent  flooding  is  a  problem  as  substantiated  by 
interviews,  photographs  and  field  investigations  during  and  following 
storm  conditions. 
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PLATE  5 


TABLE  6 


EAST  SAUGUS 


C1  AND  TICE  IEVELS 


Saugus  or  Pines  Rivers 
Storm  Tide  Stillwater  Level 
(ft.  NGVD) 


Existing 

Structure 

Structure 

Tcp 

100 

500 

Reach 

Length 

Description 

Elev. 

(ft. NGVD) 

V ear 

Year 

SB? 

A 

3350 

Earth  Berm 

or  Ground 

6-10 

10.8 

11.9 

12.7+ 

B  10,200 

Ground 

8-16+ 

10.6 

11.3 

12. 1± 

C 

2200 

Walls/Riprap 

6-8 

10.7 

11.5 

12.3+ 

D 

1500 

Ground/Walls 

6-11 

10.7 

11.5 

12.3+ 

E 

1460 

Ground 

6-8 

10.7 

11.5 

12.3+ 

F 

1500 

Ground/Walls 

7-8+ 

10.7 

11.5 

12.3+ 

G 

800 

Ground 

10+ 

10.7 

11.5 

12.3+ 

H 

800 

Ground 

8-10 

10.7 

11.5 

12.3+ 

CITY  OF  LYNN  -  Topographic  mapping  (1"*=100/)  previously  developed  for 
others  using  1983  aerial  photography  was  acquired  in  1986  and  2  foot 
contours  added.  In  addition  ground  surveys  of  first  floors  and  ground 
elevations  at  all  buildings  as  well  as  high  water  marks  were  obtained.  In 
Reaches  A  to  C  ground  tqpo  mapping  of  the  area  and  beach  was  provided  by 
Transcontinental  Development  Carp,  at  a  scale  of  one  inch  equals  40  feet 
with  spot  elevations  on  the  walls,  beach  and  ground.  Plate  6  shows  the 
reaches  along  the  Iym  storefront,  top  elevations,  lengths  and  storm 
Stillwater  tide  levels  in  Broad  Sound  and  the  Saugus  River. 


Along  Iym  Harbor  1978  flooding  was  reported  from  overtopping  along 
the  waterfront  from  Reaches  A  to  H  and  over  the  Iym  Beach  seawall  Reach 
I.  For  the  January  1987  flood,  Corps  interviews  and  observations  revealed 
overtopping  along  the  entire  length,  except  at  Heritage  Park  in  Reach  G. 

As  exident  in  Table  7.  all  reaches  are  subject  to  overtopping  well  below 
the  100  year  level  keeping  in  mind  that  a  two  to  three  foot  wave  would 
accompany  the  storm  Stillwater  tide  levels  shown.  Fen:  example,  interviews 
after  the  1978  flooding,  reported  in  Reach  D  that  "waves  rolled  all  the 
way  back  to  Iynnway"  (Route  1A) .  This  occurred  even  though  existing  walls 
were  nearly  equal  to  the  Stillwater  height  of  the  tides. 


Along  the  Saugus  River,  the  shore  front  is  generally  below  the  storm 
Stillwater  levels  and  with  wind  driven  waves  about  two  feet,  tides  would 
overtop  the  shorefront  below  a  100  year  (1978)  event. 

The  next  section  discusses  the  interior  flooding  of  developed  areas. 
In  many  cases  flood  levels  beyond  seawalls  are  higher  than  the  tide 
Stillwater  levels  due  to  wave  action  or  overtopping.  In  Lynn  high  waves 
drove  water  back  into  the  business  district  and  residential  areas. 
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PLATE  6 


TABLE  7 


CTIY  OF  LOW 

EXISTING  SHaSraCMT  AND  RUNUP 


Tco  Elevation  of  Runup 
(ft.  NGVD) 


Existing 

Structure 

Shorefrcnt 

100 

500 

Reach 

Length 

Description 

Tco  Elev. 

Year 

Year 

BROAD  SOUND 

A 

700 

Timber  &  Rip  Rap 

10-11 

10.3 

11.2 

12.0+ 

B 

1800 

Timber  Bulkhead 

11.2-11.7 

do 

C 

1500 

Timber  &  Rip  Rap 

10.3-11.2 

do 

D 

3220 

Walls 

9.8-12.1 

do 

E 

1100 

Rip  Rap 

8-10 

do 

F 

1400 

Rip  Rap/Walls 

8-9 

do 

G 

900 

Rip  Rap/Walls 

8-16 

do 

H 

800 

Ground 

10-14 

do 

I 

2100 

Wall 

15-17 

do 

SAUGUS  RIVER  TUX 

LEVELS 

J 

2500 

Ground 

8-10 

10.6 

11.3 

12. 1± 

K 

1100 

Walls/Grd 

9-10 

do 

L 

1450 

Grd/Walls 

9-10 

do 

M 

900 

Ground 

8-10 

10.7 

11.5 

12. 3± 

N 

1100 

Ground 

10-16 

do 

0 

2800 

Grd/Walls 

7-10 

do 

P 

1900 

Ground 

8-10 

do 

Q 

450 

Ground 

12-20 

do 

R 

700 

Ground 

10-14 

do 

Total  Eloofl  Plain 

The  total  value  of  the  SPN  Floodplain  is  approximated  by  determining 
the  value  of  residential  and  ncnresiderrtial  properties.  There  are  about 
4040  residential  buildings  with  an  average  market  value  of  $150,000  and 
contents  (including  automobiles)  valued  at  another  50%,  or  a  total  value 
of  residential  property  at  $225,000  per  building,  or  $909  million  or  about 
$1  billion  invested  in  residential  properties. 

Ncnresiderrtial  property  (Ccnmercial,  Industrial  and  Public)  is  based 
on  commercial  property  which  has  an  average  fair  market  value  estimated  at 
$1.3  million  per  acre  and  assumed  value  of  contents,  equipment  and 
supplies  of  equal  value,  or  $2.6  million  per  acre.  The  toted, 
nonresident ial  investment  is  approximated  at  $1.5  billion  for  576  acres, 
(excluding  the  Tom  Line  and  Linden  Brook  Upper  Saugus  River  and  Shute 
Brook  areas) . 
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The  total  investment  in  the  SFN  floodplain  would  therefore  exceed  the 
total  value  of  residential  ($1  b)  and  ncnresidential  ($1.5  b)  properties, 
or  $2.5  billion,  if  roads,  utilities  and  all  areas  were  included. 

Historical  Flood  Damages  and  FIA  Policies 

Information  on  historical  flood  damages  was  found  for  two  events  in 
the  study  area,  the  February  19,1972  (a  10-year  storm  tide) ,  and  the 
February  6-7,  1978  (100-year  storm  tide). 

1972  -  The  Boston  Globe  (22  Feb  72)  stated  that  the  State  Civil  Defense 
Director  reported  damages  in  Revere  were  $5  million  and  were  expected  to 
"mount  even  higher1'  and  more  than  700  Revere  hemes  were  evacuated  as  waves 
crashed  inland.  At  the  1988  price  level  (88  P.L.)  the  1972  damage  value 
would  be  $13  million.  This  compares  fairly  closely  for  a  10  year  event  in 
Revere  shown  in  the  Economic  Appendix  Table  50  as  $10.2  million,  with 
flooding  first  floors  of  545  residential  and  46  commercial  buildings 
(Table  48  and  49) .  These  tables  excluded  Roughans  Point  in  Revere  which 
is  outside  the  study  area  and  has  10  year  damages  of  about  $2  million  to 
231  buildings. 

19.7.8  -  A  report  entitled  Blizzard  of  '78  Coastal  Storm  Damage  Study  was 
prepared  by  the  New  England  Division  Corps  of  Engineers.  Damage 
information  was  collected  from  agencies  and  ccranunities  for  publishing  in 
the  February  1979  report.  As  stated  in  the  Preface,  " . .  even  six  months 
after  the  storm,  much  of  the  information  that  was  requested  was 
unavailable  because  it  was  "too  soon."  In  many  cases,  data  which  was 
collected  and  reported  herein  was  considered  "Preliminary"  by  the 
reporting  agency. . ."  Information  was  only  reported  for  two  oenmunities  in 
the  study  area,  Lynn  and  Revere. 

In  Iyrm  for  example,  only  18  hemes  and  5  businesses  were  included  with 
reported  property  losses  of  $200,000  ($350K  8  '88  P.L.)  and  $10,000,000 
($17  Mill.  §  '88  P.L. ) ,  respectively.  The  reported  information  for  Iynn 
was  inconplete  and  the  source  could  not  be  located.  Detailed  damage 
surveys  and  extensive  interviews  throughout  the  floodplain,  however, 
revealed  (Eoononu.es  Appendix)  widespread  flooding  and  damages  for  about 
341  residential  and  over  162  commercial  and  industrial  buildings  with 
damages  estimated  at  $11  million  and  $55  million  ('88  P.L. ),  respectively . 

In  Revere,  however,  part  of  the  information  reported  was  more  in  line 
with  the  results  of  detailed  investigations.  The  "Blizzard  of  '78" 
document  reported  1239  houses  and  only  6  businesses  damaged  with  property 
losses  Of  $2,000,000  ($3.5  Mill.  8  '88  P.L.)  and  $13,151,450  ($22.7  Mill. 

8  '88  P.L. ) ,  respectively.  Detailed  investigations  showed  first  floor 
flooding  in  the  Revere  study  area  to  868  residential  and  133 
ncnresidential  buildings  with  losses  of  $22.2  million  and  $10.6  million 
('88  P.L. ) ,  respectively.  In  addition  at  Roughans  Point  the  totals  were 
301  buildings  primarily  residential,  at  about  $10  million.  Therefore,  the 
detailed  investigations  confirmed  about  1200  homes  had  serious  damages 
with  first  floor  flooding,  although  damages  would  by  higher  than  provided 
in  the  "Blizzard  of  '78"  report  and  a  more  complete  inventory  of 
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nonresidential  damages  was  accomplished.  This  report  also  includes  losses 
for  developments  and  imprwements  aoccnplished  since  1978. 


Additional  evidence  of  the  flooding  problem  in  Revere  is  provided  by 
the  Flood  Insurance  Administration  data  on  claims  paid  in  Revere.  Clears 
paid  from  1974  to  1980  follows: 

Claims  Paid  by  FIA  at  Revere 


Year  £ 

2...9I  JQilSlf 

rj  k  V' >  V  flil 

Year  No. 

Of  Poll! 

cies 

($1000) 

($1000) 

1974 

54 

43.7 

1982 

109 

143.3 

1975 

1 

0.5 

1983 

12 

31.8 

1976 

7 

7.4 

1984 

11 

18.4 

1977 

18 

30.3 

1985 

18 

14.5 

1978 

281 

2526.7 

1986 

1 

4.0 

1979 

640 

1314.7 

1987 

54 

195.6 

1980 

7 

7.9 

1988 

2 

1.2 

1981 

19 

9.3 

This  table  shows  that  Revere  as  a  whole  suffers  a  substantial  amount 
of  damage  on  a  fairly  regular  basis.  The  figures  can  be  considered 
conservative  since  it  fails  to  account  far  the  flood  insurance  deductible 
and  because  several  categories  of  losses  (grounds,  nonphysical,  motor 
vehicles,  etc.)  are  not  claimable  under  the  flood  insurance  program. 

Also,  in  1978  only  about  one-fifth  of  the  1300  structures  flooded  in 
Revere  were  covered  by  flood  insurance.  Also  many  of  the  ccnmercial  and 
industrial  buildings  carry  insurance  other  than  FIA. 

By  1986,  Revere  had  over  1000  policies  subsidised  by  the  National 
Flood  Insurance  Program,  as  shown  below.  The  number  of  policies  for  each 
community  largely  reflects  the  frequency  and  severity  of  frequent 
flooding.  Revere  as  indicated  in  the  table  has  a  general  start  of  damage 
in  Roughens  Point  and  behind  Revere  beach,  especially,  at  Elevation  4  ft. 
NGVD,  which  is  below  mean  high  tide  (EL.  5.0)  and  which  affects  drainage 
and  frequent  ponding  of  interior  runoff  for  a  large  number  of  buildings, 
indicated  by  the  10  year  floodplain.  Flooding  from  both  interior  runoff 
and  frequent  storm  waves  overtopping  their  seawalls  is  a  yearly  incentive 
to  take  out  flood  insurance.  VBiile  buildings  in  Saugus,  Lynn  and  Malden 
are  higher  in  the  floodplain  with  fer#sr  residential  buildings  and  a  lower 
yearly  frequency  and  depth  of  flooding  attributable  to  coastal  or  interior 
runoff  flooding. 


OaffMUty 


Revere 


Residential 
Buildings 
v/ first  floor 
Flooding 
in  10-year 
Floodplain 


General  £ 
start  of 
Flooding 
Behind 
Storefront 


EL.  3-4 


1986  1989 


1.008  814 


written 

Premium  Qov 

1986(81000^  (SM 
1 

$241.7  S 


1,217  1,062 


sOs  1  ft 


GEN  EDWAROS  BRIOGE 

I  mV** 


'POINT  OF 
PINES 


w 


iCAREY 

XIRCLE 


WL 


OA 

ISLANO 
OAK  is/ ST- 


/  *" 
/c  ® 


BROAD 


SOUND 


BROWN 

CIRCLE. 


REVER! 


LEGENO 
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VPi  HIGH  OROUNO  ®  REACH  A 

scale 
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2000  EEET 

0  wetlano 
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Die  following  section  describes  the  results  of  over  500  flood 
interviews  and  location  and  elevations  of  high  water  narks  by  geographic 
areas. 

REVERE  BEACH  BACKSH3KE  AREA 

Die  Revere  Beach  Backshore  area  includes  1200  residential,  ocnmercial, 
and  public  buildings  in  the  floodplain.  It  includes  those  flood  prone 
areas  in  Revere  located  directly  behind  Revere  Beach  where  flooding  is 
caused  by  tidal  overtopping  of  existing  Revere  Beach  seawalls,  tidal 
surges  up  the  Pines  River  and  overland  flow,  runoff  from  rainfall  and 
snowmelt,  and  backup  of  Sales  Creek  and  other  drainage  systems.  Die  area 
is  divided  into  flood  zones  1  to  5  (see  Plates  Q-1A  and  IB)  and  the 
perimeter  of  the  area  into  reaches  A  to  K.  In  1978  a  reported  3000  people 
were  evacuated  to  the  Revere  High  School  as  water  flooded  up  to  depths  of 
seven  feet  around  homes  and  businesses. 

Zone  1  -  includes  residential,  ocnmercial  and  public  buildings  in  the 
Crescent  Beach  and  Garfield  School  area.  In  the  February  1978  flood  the 
area  received  tide  waters  from  the  backup  of  Sales  Creek  in  Reach  K  when 
tides  overtopped  Bennington  Street  and  flooded  -Suffolk  Downs.  Along  the 
shorefront,  tides  overtopped  at  Roughans  Point,  Eliot  Circle  and  the 
Revere  Beach  (Reach  B)  seawall  north  of  Beach  Street.  Saltwater  flowed 
into  area  from  several  directions  causing  flooding  up  to  three  feet  deep 
around  buildings. 

Zone  2  -  Die  Ocean  Avenue  (2A)  and  Wonderland  Park  (2B)  areas  are 
flooded  by  overtopping  along  4000  feet  of  the  Revere  Beach  seawall  from 
Beach  to  Revere  Street.  In  1978  flood  waters  were  7.0  and  5.7  feet  deep 
in  each  area,  respectively.  Die  MHEA  blue  lines  was  out  of  service  for 
six  weeks.  Considerable  damage  resulted  to  ocnmercial,  public  and 
residential  buildings,  including  the  Historic  MDC  Police  Station,  MDC 
Maintenance  Garage  and  other  facilities.  Roofs  and  benches  to  the 
historic  pavilions  built  in  the  late  1890's  were  also  damaged.  In  January 
1979  and  January  1987  the  areas  were  flooded  with  several  feet  of  water. 
Die  MDC  reported  the  seawalls  are  overtopped  about  seven  times  a  year 
requiring  cleanup  of  sand,  cobbles  and  debris  from  streets  and  drains. 

Zone  3  -  Die  area  was  believed  to  have  flooded  in  1978  from  a  tide 
gate  that  was  purposely  left  open  for  flushing  wetlands  in  the  area.  Die 
area  includes  the  Towle  Industry  Building,  Revere  High  School  and  other 
residential  and  commercial  buildings.  Flood  waters  in  the  Wonderland  Park 
area  rose  to  the  top  of  the  railroad  embankment,  which  separates  2  and  3; 
however,  no  water  was  observed  flowing  into  zone  3.  Heines  were  flooded  in 
Zone  3A  from  three  feet  of  ponding  water  in  1978. 

Zone  4  -  Die  area  around  Oak  Island,  especially  Kelley,  s  Meadow  (4A) 
was  flooded  in  1978  from  the  ponding  of  six  feet  of  water,  which  remained 
for  up  to  a  week  due  to  a  snow  blocked  drain  at  North  Shore  Road,  Route 
1A.  Tide  waters  which  overtopped  the  Reach  "B"  seawall  by  the  Prlioe 


RANGE  IN 

AVERAGE  OF 

APPROX. 

NUMBER 

HWM's  USED 

1978  HWM 

DEPTH 

FLOOD 

OF  HWM's 

ELEVATION 

ELEVATIONS 

OF  WATER 

ZONE 

AREA 

USED 

(FT.  NGVD) 

(FT.  NGVD) 

(FEET) 

Crescent  Beach 


Wonderland  Park 


Ocean  Avenue 


Towle 


Kelley's  Meadow 


B  &  M  Railroad 


Revere  House 


8.4  -  10.3 


TI.4  -  TI.7 


6.0  -  7.0 


7.4  -  9.5 


6.0  -  7.1 


7.0  -  9.5 


5A(1) 

Riverside.  North  end 

18 

9  -  11 

10.2 

3.7 

5A<2) 

Riverside.  Central 

26 

8.8  -  9.5 

9± 

0.7 

5A(3)  &  5C 

Riverside,  South  end 
&  No.  Shore  Rd. 

10 

9.8  -  12.5 

Tl.0 

2.4 

5B1 

Revere  Bch.  Blvd. 
(Back  of  Homes) 

T1 

10.0  -  12.5 

11.1 

6.6 

Outer  Oak  Island 


7.5  -  8.8 


NOTE  Flood  information  and 
High  Water  Mark 
interviews  were  conducted 
by  the  Corps  in  1982 
and  1983.  Elevations 
were  determined  from 
spot  elevations  on 
topographical  maps, 
scale  1  inch  -  100  ft. 
and  two  foot  contours. 
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Station  flowed  ail  eng  the  county  ditch  under  Revere  street  into  the 
Meadows.  Most  people  in  the  area  were  evacuated  with  the  help  of  ICC 
vehicles  and  others.  Flood  waters  then  flowed  over  North  Share  Road  into 
area  4B  which  was  partially  protected  fran  the  Pines  River  by  a  tide  gate 
in  the  B&M  railroad  embankment,  Reach  "J".  However,  B&M  officials 
reported  ice  on  the  tracks  which  probably  floated  there  when  the  Pines 
River  overtopped  the  embankment  at  the  peak  of  the  flood. 

The  Revere  House,  area  4C,  is  believed  to  have  been  partially 
protected  in  1978  by  barriers  of  plowed  snow  reported  along  Route  1A, 
along  Oak  Island  Street  with  snow  drifts  over  10  feet  high  and  along 
Revere  Beach  Boulevard,  since  very  little  water  entered  this  area. 
However,  in  1987  water  from  the  Pines  River  flowed  in  freely  by 
overtopping  Route  1A.  Areas  4A  and  4B  were  also  flooded  in  1987  from 
overtopping  of  the  Reach  "B"  seawall  by  the  Police  Station  and  railroad 
embankment  in  Reach  "J". 


Zone  5  -  includes  homes  in  Riverside  (5A) ,  hemes  along  Revere  Beach 
Boulevard  (5B) ,  hemes  and  businesses  along  the  Pines  River  (5C)  and  the 
outer  edge  of  Oak  Island  (5D) .  Rising  tides  backing  up  the  Pines  River  in 
1978  overtopped  the  banks  into  these  developed  areas  causing  severe 
flooding.  Minor  flooding  occurred  in  the  central  area  in  Riverside  5A(2) 
which  was  partially  protected  by  snowbanks  along  Mills  Avenue  and  Route 
1A.  This  may  also  have  occurred  for  areas  of  Oak  Island.  Overtopping  of 
the  Revere  Beach  seawalls  in  reaches  C5B  and  D  and  Carey  Circle  also 
contributed  to  the  flooding  in  these  areas.  Flood  water  in  1978  was  up  to 
6.6  feet  deep  behind  homes  on  the  Boulevard.  Riverside  properties  were 
recently  flooded  on  December  3  &  31,  1986  and  January  2,  1987.  Although 
no  flood  levels  are  shown  for  Zone  5B2  on  Plate  Q-1B,  residents  reported 
the  water  was  several  feet  deep  and  ioe  was  floating  toward  Route  1A. 

POINT  OF  PINES  AREA 

The  Point  of  Pines  Area  includes  370  buildings,  just  about  all  homes  or 
duplexes,  and  was  one  of  the  hardest  hit  areas  in  Revere  during  the  1978 
flood.  Depths  of  water  around  many  homes  reached  four  feet  while 
residents  were  waiting  to  be  evacuated  in  freezing  cold  weather  and  no 
electricity.  Flood  waters  reportedly  overtopped  nearly  their  entire 
length  of  shoreline,  almost  a  mile  along  Broad  Sound  and  the  Saugus 
River.  In  the  vicinity  of  the  sand  dunes  water  reportedly  came  through  a 
breached  sectin  at  the  south  end  of  the  dimes  during  the  peak  of  the 
tides.  High  water  marks  fran  interviews  revealed  waters  reached  an 
average  elevation  of  12  ft.  NGVD  at  the  south  end  from  wave  overtopping 
and  EL.  10  at  the  northern  lower  end  where  water  eventually  flowed  out  by 
the  Yacht  Club. 

Overtopping  at  the  Revere  Beach  northern  traffic  circle,  Carey  Circle, 
flawed  in  many  directions,  and  contributed  to  flooding  in  Point  of  Pines. 
Residents  near  the  circle  reported  water  splashed  above  the  seawall  to 
heights  of  30  feet.  The  area  was  also  flooded  in  1972,  1979  and  1987. 
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Wave  heights  along  the  shorefront  of  Point  of  Pines,  as  well  as,  at 
the  mouth  of  the  Saugus  River  and  in  Lynn  Harbor  are  considerably  lower 
than  the  9  to  10  foot  storm  waves  fronting  Revere  Beach.  As  shown  on 
Plate  Q-1C  these  areas  are  partially  protected  by  Nahant,  Little  Nahant 
and  the  causeway  or  roadway  behind  Nahant  Beach.  The  transition  of  lower 
waves  which  refract  around  Nahant  oocurs  at  Point  of  Pines.  The  lower 
waves  contribute  to  the  stability  of  the  dunes  and  building  up  of  the 
beach  in  this  area.  Also  the  predominant  movement  of  sand  along  Revere 
Beach  is  toward  Point  of  Pines  which  nourishes  the  beach  and  dunes.  The 
dunes  and  beach  were  apparently  high  enough  to  prevent  overtopping  in  1978 
except  at  the  southern  end  where  the  dunes  are  the  narrowest  with  a  lower 
beach  and  partially  breached  by  foot  paths. 

NCRUEAIE  AREA 

The  Northgate  Area  includes  about  180  hemes  and  businesses  along  the  edge 
of  the  Pines  River  marsh  where  flooding  occurred  in  1978,  1979,  and  1987. 
Flood  waters  in  1978  were  up  to  3  feet  deep  around  hemes  on  Emmanuel, 
Naples,  Milan  and  other  streets  east  of  Brown  Circle  (see  Plate  0-2A) . 

The  commercial  areas  to  the  west  are  on  higher  ground  and  therefore 
received  minor  flooding  in  1978. 

TOWN  LINE  BROOK  AREA 

The  Town  Line  and  Linden  Brook  Area  includes  watersheds  in  Revere  and 
Malden.  See  Plate  Q-2B.  Flooding  occurred  in  1978  and  1979,  and  reached 
the  top  of  the  banks  of  Town  Line  Brook  in  1987.  The  MDC  proposed  flood 
control  plan  for  the  area  includes  a  punping  station,  interior  drainage 
improvements  and  shorefront  improvements  to  prevent  tides  from  overtopping 
the  area.  About  1000  hones  and  businesses  are  in  the  flood  plain.  The 
only  work  the  Corps  has  done  in  this  area  includes  a  limited  number  of 
interviews  and  estimating  the  cost  and  environmental  impacts  of  shorefront 
improvements.  The  existing  shorefront  includes  an  MDC  dike  which  prevents 
normal  high  tides  from  entering  the  watershed.  The  dike  has  eroded  to  the 
point  where  coastal  storm  tides  overtop  the  dike.  Existing  MDC  tide  gates 
at  the  outlet  to  Town  Line  Brook  prevent  normal  high  tides  from  backing  up 
the  brook.  The  area's  major  flooding  problems  occur  during  runoff  in  the 
watershed  accompanied  by  high  tide  which  prevents  the  area  from  draining. 
Tidal  overtopping  can  occur  over  U.S.  Route  1  (Reach  B)  and  the  railroad 
embankment  and  dike  (Reach  C) .  Tides  also  backup  an  existing  culvert  in 
Reach  A. 


EAST  SAUGUS  AREA 

East  Saugus  is  primarily  a  residential  area  of  600  buildings.  Commercial 
property  is  primarily  devoted  to  fishing  and  marinas  along  the  Saugus 
River.  In  1978  about  400  homes  were  flooded  and  300  people  evacuated  by 
volunteers  and  town  officials.  High  water  marks  and  depths  of  flooding 
are  shown  on  Plate  0-3. 

Zone  1  includes  most  of  East  Saugus'  commercial  property  located 
between  the  Saugus  River  and  Ballard  Street.  The  area  was  flooded  up  to 
3.5  feet  deep  in  1978.  The  area  was  partially  flooded  in  1987  and  Ballard 
Street  was  overtopped. 


Tho  Rovoro  loach  Study  Aroa 
(soundings  in  foot  bolew 
moon  low-wator  1972) 


APPROX. 

HIGH 

WATER 

ELEV. 


WATER 

DEPTH 


FLOOD  ZONE  3 


FLOOD  ZONE  2 


FLOOD  ZONE  1 


Saugus  Marsh  to 
Bristow  St. 


Between  Ballard  and 
Bristow  Sts. 


Saugus  River  to 
Ballard  St. 


BB-5  10.6  OUT  3.0 
88-4  10.6  OUT  3.0 
BB-3  10.4  OUT  3.0 


BB-17(1)  11.0  IN  1.0 
BB-15  10.3  IN  0.8 


HWM  WATER 
ID  NO.  ELEV. 
"BB”  (FT.  NGVD) 


OUTSIDE  WATER 
OR  INSIDE  DEPTH 
OF  BLDG.  (FEET) 


NOTE:  Flood  information  and  High  Water  Mark 
interviews  were  conducted  by  Vollmer 
Assoc,  and  elevations  surveyed  by 
the  Sewall  Co.  in  1985  and  1986. 


JULY  1986 

SAU6US  RIVER  ANO  TRIBUTARIES 
FLOOD  DAMA6E  REDUCTION  STUOY 


EAST  SAUGUS 


1978  HIGH 
WATER  MARKS 

TE  Q 


PLA' 


-3 


Zone  2  includes  the  Ballard  school,  Eastern  Tool,  and  hemes  between 
Ballard  and  Bristow  Streets.  The  area  was  flooded  in  1978,  1979  and  1987 
when  water  overtopped  Ballard  Street  and  also  backed  drainage  ditches 
and  flowed  overland  from  the  Pines  River  Marsh.  In  1978  flood  waters  were 
about  five  feet  deep  on  Fevwell  Drive,  based  on  reported  elevations  of 
first  floor  flooding.  Flood  waters  were  about  two  feet  deep  in  1979  and 
1987. 

Zone  3  borders  3300  feet  of  the  Saugus/Pines  Marsh.  The  area  floods 
when  tides  overtop  the  bank  of  the  developed  area  and  backs  up  drainage 
systems.  In  1978  high  tides  produced  flood  levels  up  to  three  feet  deep 
on  Seagrit,  Venice  and  Beachview  Streets.  Properties  on  Beachview  and 
Seagrit  were  also  flooded  in  January  1987.  Beachview  residents  also 
reported  flooding  of  basements  and  yards  during  high  tides  on  December  3 
and  31,  1986. 

UPFIR  SAUGUS  RIVER  AREA 

This  area  includes  about  300  homes  and  businesses  along  the  Upper  Saugus 
River  and  Shute  Brook  areas  in  Saugus,  upstream  of  Lincoln  Avenue  (see 
Plate  0-4  i .  Flooding  along  the  Saugus  River  and  Shute  Brook,  downstream 
of  central  Street  is  primarily  affected  by  tide  levels.  Above  Central 
Street,  the  Shute  Brook  area  floods  primarily  by  runoff  in  the  brook  which 
backs  up  during  high  tides. 

Flooding  in  1978  was  up  to  five  feet  deep  on  property  at  the  lower  end 
of  Shute  Brook.  Upstream  of  Central  Street  high  water  marks  show  higher 
water  elevations  due  to  the  restricted  flows.  Damage  surveys  have  not 
been  conducted  in  these  areas. 

UPPER  SAUGUS  RIVER  AND  SHLTCE  BROOK 

Reconnaissance  studies  for  the  Upper  Saugus  River  and  Shute  Brook 
areas  above  Lincoln  Street  Bridge  were  conducted  to  determine  potential 
flooding  which  might  be  partially  alleviated  by  a  Regional  Floodgate 
Plan.  In  1978  high  water  marks  ranged  from  EL.  9.1  to  10.5  in  the  tided 
portion  of  the  river  and  brock  to  a  high  of  EL.  18  in  the  higher  part  of 
the  brook.  See  Plate  0-4. 

A  cursory  review  of  flood  levels  in  the  upper  portion  of  Shute  Brook 
and  the  Saugus  River  reported  in  the  Flood  Insurance  Report  revealed  flood 
stages  oould  be  up  to  several  feet  higher  if  high  interior  runoff  is 
aoccnpanied  by  high  ooastal  storm  tides.  No  additional  work  was 
aooopplished  by  the  study.  The  study  however,  recognizes  that  the 
Regional  Floodgate  Plan  would  reduce  flood  stages  in  these  areas  where 
tides  retard  runoff  from  the  watershed. 

LXNN  AREA 

The  city  of  Lynn  ooastal  floodplain  which  includes  about  1400  residential, 
oonmercial,  educational,  industrial  and  public  buildings  is  divided  into 
five  zones.  Plate  0-5  summarized  many  of  the  high  water  marks  obtained 
during  interviews. 


NOTE:  Flood  information  and 

High  Water  Mark  interviews 
were  conducted  by  Vollmer 
Assoc.,  and  elevations 
surveyed  by  the  Sewall  Co. 
in  1985  and  1986. 


jjjpi' 


YEAR 


FLOOD  ZONE  4 

SAUGUS  RIVER  B  &  M  RR  TO 
BOSTON  ST. 

SR-12  9.0  OUT  -  78 


LYNN 


rvoot  puum  -Jg 


\.  x  mt  m f 

imwiniKia 

MKMI 

v\  «•* 


•16 

10.6 

OUT 

1.5 

78 

15A 

9.6 

IN 

1.3 

78 

15B 

9.3 

IN 

1.0 

79 

2A 

10.9 

OUT 

2.0 

78 

2B 

10.9 

OUT 

4.0 

78 

5 

10.0 

IN 

0.5 

78 

FLOOD  ZONE  5 

LYNN  BEACH  TO  TUDOR  ST. 

HWM  WATER  OUTSIDE  WATER 
©  NO.  ELEV.  OR  NSOE  DEPTH 
(FT  NGVD)  OF  BLDG  (FEET) 


FLOOD  ZONE  2 

SAUGUS  RIVER  GENERAL  ELECTRIC 


I  FLOOD  ZONE  3^$^ 

SAUGUS  RIVER  (LITTLE  RIVER P 
WESTERN  AVE  TO  SUMMER  ST. 


YEAR 


LB-2 

12.8 

IN 

5.5 

78 

3 

12.5 

OUT 

2.0 

78 

4 

12.2 

OUT 

2.5 

78 

1A 

12.5 

IN 

2.8 

78 

IB 

TI.1 

IN 

1.5 

79 

7 

H.2 

OUT 

1.0 

78 

HS-1A 

12.9 

IN 

2.0 

78 

IB 

H.0 

N 

0.1 

79 

FLOOD  ZONE  1 

LYNN  HARBOR  TO  SUMMER  ST. 

HS-5 

115+ 

OUT 

4.0+ 

78 

6 

12.4 

OUT 

2.5 

78 

7 

13.2 

OUT 

3.0 

78 

16 

12.5 

OUT 

2.0 

78 

9A 

10.1 

OUT 

— 

79 

9B 

11.1 

OUT 

2.0 

78 

12 

12.8 

IN 

0.1 

78 

13 

11.5 

IN 

0.1 

78 

14 

13.4 

IN 

0.2 

78 

11.2 

IN 

0.7 

78 

n.o 

N 

0.5 

78 

10.9* 

OUT 

2.0 

78 

11.5* 

OUT 

1.5 

78 

11.6 

IN 

0.1 

78 

TI.1 

OUT 

2.8 

78 

11.3 

OUT 

3.0 

78 

NOTE:  Flood  information  and 
High  Waor  Mark  interviews 
were  conducted  by  Vollmer  Assoc, 
and  the  Corps,  and  elevations 
surveyed  by  the  Sewall  Co.  in 
1985  and  1986. 


SEPT.  1986 

SAUGUS  RIVER  AND  TRIBUTARIES 
FL000  0AMA6E  REDUCTION  STUDY 

LYNN 

HIGH  WATER 
MARKS 


PLATE  0-5 


Zone  1  -  includes  the  oonmercial  and  industrial  district  along  Lynnway 
(Route  1A)  with  sane  residential  areas.  Among  the  industrial,  oamercial 
and  public  buildings  in  the  floodplain  are  the  Efcilipe  Ughting/Norelco 
ocuplex,  West  Lynn  Creamery,  the  Regional  Wastewater  Treatment  Facility 
and  North  Shore  Ocmnunity  College.  Route  1A  which  is  owned  and  maintained 
by  the  Metropolitan  District  Oenmissicn  serves  about  28,000  northshore 
cconaiters  a  day.  It  is  a  direct  access  route  for  many  of  Lynn's 
businesses  and  industries  and  was  flooded  in  1978  and  1979.  In  the 
Blizzard  of  1978  tides  overtopped  all  along  the  Lynn  Harbor  shorefront 
flooding  businesses  along  Lyrmway  with  water  depths  up  to  four  feet. 

In  1987  flood  waters  again  overtopped  all  along  Lynn  Harbor  causing 
erosion  behind  bulkheads  and  flooding  oamercial  property  to  depths  of 
several  feet.  Frequent  high  tides  during  the  year  cause  saltwater  to  pond 
around  parking  areas  and  unloading  zones,  delaying  commercial  activities. 
Storms  have  also  damaged  many  boats  moored  in  Lynn  Harbor. 

Drainage  problems  throughout  the  area  also  plague  many  businesses  when 
tides  are  high.  The  area's  street  drain  directly  into  the  tided  Saugus 
River  or  Lynn  Harbor.  High  tides  prevent  the  drainage  systems  from 
draining  properly.  During  severe  flood  conditions  the  tides  back  up 
through  the  drains  out  of  the  catch  basins  and  into  the  streets,  adding  to 
the  depth  of  stormwater  already  ponding  in  the  streets. 

Extensive  development  and  urban  renewal  is  on  going  in  the  area  with 
several  high  rise  condominiums  constructed  and  others  planned.  The  most 
ambitious  development  is  an  $800  million  venture  in  the  Lynn  South  Harbor 
Area  by  Transcontinental  Development  Corporation.  Plans  include  hotel, 
office,  retail,  condominium  and  marina  facilities. 

Zone  2  includes  the  General  Electric  River  works  ccnplex  with  266 
buildings  and  a  work  force  of  8  to  12,000  with  an  annual  payroll  reaching 
$450  million.  Steam  turbine  generators  and  jet  engines  are  produced  for 
the  Defense  Department  among  other  military  and  civil  contracts  amounting 
to  $2  to  $3  billion  a  year.  Normally,  the  only  problems  experienced  are 
the  flooding  of  parking  areas  which  require  employees  to  move  their 
cars.  In  1978  the  ocnplex  was  shut  down  at  the  start  of  the  Blizzard  in 
advance  of  high  tides,  which  probably  prevented  considerable  damage.  Only 
a  few  buildings  were  reported  flooded  with  6  to  8  inches  of  water,  while 
cutside  depths  of  several  feet  were  reported  at  several  locations. 

Western  Avenue,  Route  107,  which  borders  the  ccnplex  to  the  west  was  also 
flooded  with  about  three  feet  of  water  in  1978.  Also  this  heavily 
travelled  highway,  which  leads  to  the  heart  of  the  city,  was  shut  down 
when  flooded  in  January  1987. 

A  gaging  station,  installed  at  the  Route  107  bridge  across  the  Saugus 
River,  provided  valuable  tide  data  for  the  1987  flood.  The  tide  gage 
confirmed  information  previously  developed  by  the  modeling  for  this  event. 

Zones  3  and  4  -  are  also  flooded  from  the  Saugus  River  and  the  backing 
up  of  drainage  systems.  Considerable  damage  occurred  in  hemes,  businesses 
and  industries  in  1978  and  1979.  In  1987  residential  and  ccrmercial 
properties  in  the  vicinity  of  Sumner  street  were  again  flooded. 
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Zone  5  -  is  located  behind  Lynn  Beach  and  includes  residential  and 
commercial  buildings.  The  2100  foot  lcng  seawall  along  the  eroded  Lynn 
Beach  is  overtopped  during  coastal  storms.  In  1978  depths  up  to  5.5  feet 
were  reported  in  residential  buildings  and  many  people  were  evacuated.  In 
1979  and  1987  saltwater  reached  almost  two  feet  deep  in  seme  areas, 
including  the  rotary  to  Nahant.  The  area  is  also  exposed  to  high  tides  in 
Lynn  Harbor.  Deterioration  is  evident  on  the  Lynn  Beach  seawall  due  to 
the  daily  pounding  of  waives  on  its  vertical  surface.  The  wall  which  is 
owned  by  the  Metropolitan  District  Ocmnission  has  been  raised  and  repaired 
on  several  occasions. 

FUTURE  CEVELDEMENIS  WITHDOT  A  FEDERAL  EKXJECT 

This  section  provides  supporting  documentation  for  the  mo6t  likely 
future  condition  in  the  study  area  without  a  Federal  project.  Future 
development  in  the  study  area  is  explained  in  the  Main  Report. 

Improvements  are  shown  on  the  referenced  figures. 

A  "Revere  Connector"  highway  across  or,  more  likely,  bordering  the 
estuary  from  U.S.  Route  1  to  Rt.  1A.  (Figure  1) . 

Extension  of  the  MBIA  (Massachusetts  Bay  Transportation  Authority) 

Blue  Line  adjacent  to  the  existing  B&M  Ooraniter  Line  from  Revere  to  Lynn. 
(Figure  1) . 

Development  of  the  META  Ocnnuter  Rail  Station  and  1,000  space  parking 
on  the  Saugus  landfill  off  Rt.  107.  (Figure  1) . 

The  construction  of  the  Saugus  River  Navigation  Project,  which  would 
designate  the  Saugus  River  as  a  Federal  Navigation  Channel  and,  include 
dredging  and  maintenance  of  the  channel  and  mooring  areas.  (Figure  6) . 

The  restoration  of  Revere  Beach  with  sand  from  the  abandoned  1-95 
embankment,  resulting  in  improved  stabilization  of  Revere  Beach  seawalls 
and  reduction  in  overtopping.  (Figure  2) . 

The  development  of  a  State  linear  park  along  the  remaining  1-95  land. 
(Figure  1) . 

Construction  of  the  Roughans  Point,  Revere,  Flood  Damage  Reduction 
Project.  (Figure  3) 

Private  or  state  dredging,  for  navigation,  of  the  lower  Pines  River, 
(Figure  6) . 

Eventual  development  of  the  ccirplete  Master  Plan  for  the  Revere  Beach 
Reservation  including  the  linear  parkland,  recreation  facilities,  pavilion 
restoration,  drainage  improvements  and  other  features.  (Figure  4  &  5) . 

Construction  of  the  MDC  Town  Line  and  Linden  Brook  Flood  Control 
Project.  (Figure  6). 
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Construction  of  a  sewer  project  to  reduce  or  eliminate  the  combined 
sewer  overflow  from  Lynn's  Strawberry  Brook  into  the  Saugus  River.  (Figure 
6). 

Continued  maintenance,  repairs  and  future  raising  (due  to  sea  level 
rise)  of  nearly  30  miles  of  existing  non-Federal  flood  and  erosion  control 
shorefront  structures  along  the  Saugus  and  Pines  Rivers  and  Broad  Sound. 
(Figure  7) . 

Moderate  growth  in  recreational  navigation  is  expected  to  continue  an 
Construction  of  Saugus'  Lobstenaens  larding  along  the  Saugus  River  and 
Potential  Marinas  or  expansions  at  the  mouth  of  the  Saugus  River.  (Figure 
6). 

Development  of  the  Lynn  South  Harbor  area  with  condominiums,  retail, 
hotel  and  office  buildings,  marina  facilities  and  shorefront  structures. 
(Figure  6). 

Development  over  the  next  five  years  of  the  Harbors ide  landing 
Condominium  Project  in  Lynn  Harbor  adjacent  to  Heritage  Park.  Includes 
shorefront  protection  to  EL.  13  ft.  (maximum  EL.  18)  NGVD.  (Figure  8) . 
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The  formulation  and  analysis  of  alternative  plans  is  based,  in  part, 
on  review  of  the  existing  situation  and  the  problems,  needs,  and 
opportunities  of  the  study  area. 

Alternative  measures  were  investigated  to  meet  the  objective  of 
preventing  future  flood  damages  from  coastal  storms.  Measure  were 
investigated  to  determine  economic  and  engineering  feasibility,  associated 
environmental  and  social  impacts,  and  the  public  attitudes  toward  it. 

This  appendix  describes  the  alternatives  and  plans  that  were  studied  and 
the  iterative  process  used  to  screen  them. 


Measures  addressing  flood  damage  prevention  fall  into  two  general 
categories.  Seme  modify  the  extent  of  flooding  by  altering  the  natural 
environment,  such  as  breakwaters,  seawalls,  revetments  and  other 
techniques  described  below.  Others  reduce  flood  damage  vulnerability 
through  floodplain  regulations,  flood  insurance,  floodproofing,  relocation 
and/or  acquisition. 


Alternative  Flood  Damage  Prevention 


Modify  Floods 

Breakwaters 
Seawalls 
Revetments 
Beach  and  Dune 
Restoration 
Dikes 

Floodgates 

Modify  Extent  of  Flooding 


Reduce  vulnerability 
Floodproofing 

Flood  Warning  and  Evacuation 
Flood  Plain  Regulations 

Flood  Insurance 
Public  Acquisition  of  Flood- 
plain  land 


.  Breakwaters.  A  breakwater  is  a  structure  protecting  a  shore 
area,  harbor,  anchorage  or  basin  from  waves.  Beaches  and  flood-prone 
areas  along  the  coast  can  be  protected  by  an  offshore  breakwater  that  can 
break  the  wave  and  reduce  the  wave  energy  reaching  the  shore. 

Breakwaters  can  have  both  beneficial  and  detrimental  effects  on  the 
shore.  Offshore  breakwaters  are  usually  more  costly  than  onshore 
structures,  such  as  seawalls  or  revetments,  and  are  seldan  built  solely 
for  shore  protection.  The  elimination  of  wave  action  reduces  the  movement 
of  sand  along  the  shore  and  reduces  rxjurishment  of  the  dcwndrift  beaches. 

Breakwaters  are  generally  sane  variation  of  an  offshore  rubble  stone 
mound  structure  which  is  adaptable  to  almost  ~rty  depth  and  can  be  exposed 
to  severe  waves.  In  some  instances,  both  cellular  steel  and  concrete 
caissons  have  been  used.  Breakwaters  of  these  types  can  be  used  where 
storm  waves  are  too  severe  for  rubble  stone. 
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.  Seawalls.  Protection  of  shore  development  can  be  accomplished 
when  the  natural  protection  is  lost  to  the  envircrment.  Shorefront  owners 
can  and  have  resorted  to  shore  protection  by  constructing  wave-resistant 
walls  of  various  types. 

Seawalls  nay  have  vertical,  curved  or  stepped  faces  and  can  be 
constructed  of  many  different  types  of  materials.  While  seawalls  may 
protect  development,  they  can  also  create  a  local  problem.  The  downward 
farces  created  by  waves  striking  the  wall  can  rapidly  remove  sand  from  in 
front  of  it.  A  stone  apron  is  often  necessary  to  prevent  this  excessive 
scouring  and  undermining. 


.  Revetments.  Sloping  revetments  armor  the  seaward  face  of  a 
shoreline  with  one  or  more  layers  of  stone  or  concrete.  This  sloping 
protection  dissipates  wave  energy,  with  a  less  damaging  effect  on  the 
shore.  Two  types  of  structural  revetments  are  used  far  coastal 
protection:  the  rigid,  cast-in-place  concrete  type  and  the  stone  armor 
unit  type. 

.  Beach  Restoration  and  Nourishment.  Beaches  are  very  effective 
in  dissipating  wave  energy,  when  maintained  to  adequate  dimensions,  they 
can  afford  protection  for  the  adjoining  backshcze.  When  conditions  are 
suitable,  long  reaches  of  shore  may  be  protected  by  artificial  nourishment 
at  a  relatively  low  cost.  The  resultant  widened  beach  also  has  added 
value  as  a  recreational  feature. 

.  hikes,  with  this  measure,  small  earth  embankments  can  be 
built  around  vulnerable  structures  or  groups  of  structures  to  prevent 
floodwaters  from  reaching  developed  areas.  Depending  on  wave  action  or 
currents  along  a  riverbank,  the  dike  may  have  a  protective  stone  facing. 
Although  dikes  are  usually  less  costly  than  other  measures,  they  are  wide 
structures  and  require  more  real  estate  for  their  construction  than  a 
wall. 


.  Sand  Dune  Development.  Sand  Dunes  can  provide  a  natural 
barrier  to  flood  tides.  Dunes  however  to  remain  effective  must  have  a 
natural  supply  of  sand  and  gradual  sloping  beach  fronting  the  dunes.  The 
stability  of  a  dune  against  very  severe  storms  can  be  estimated  based  on 
new  technology.  Dunes  can  be  breached  in  a  single  storm  is  not  properly 
designed.  Sand  Dunes  can  assume  to  be  effective  for  recurring  storms  of 
similar  magnitude  to  these  storms  previously  experienced  if  breaching  did 
not  occur.  During  major  floods,  the  dune  line  is  sometimes  breached  or 
flanked,  and  flooding  takes  place  behind  the  dunes.  Sand  fences  in 
various  areas  alxig  the  shoreline  can  be  very  effective  in  trapping  sand 
to  build  up  lew  points,  strengthen  narrow  sand  ridges,  and  generally  build 
up  any  existing  dunes.  Once  the  sand  dunes  are  built  up  to  the  desired 
height,  they  should  be  stabilized  and  protected  by  vegetation. 

Use  of  American  beach  grass  to  stabilize  and  enhance  protective  dunes 
has  been  successful  at  several  sites  on  the  Atlantic  coast. 
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With  proper  fertilizing  techniques,  the  grass  can  be  induced  to 
produce  an  extensive  root  system  firm  which  additional  plants  will  rise  to 
the  surface.  Continued  protection  can  only  be  afforded  if  reaaimended 
fertilization  and  cultivation  procedures  are  observed.  Controlled  access 
is  essential  for  maintenance  of  dunes.  This  can  be  accomplished  with 
wooden  walkways  or  with  rolled  clay  pathways  over  the  dunes.  Although  the 
growth  is  dense,  it  is  sometimes  necessary  to  erect  fences  to  prevent 
random  access  to  the  beach  and  needless  erosion.  Sand  dunes  create  a 
natural  system  which  also  helps  protect  and  prevent  erosion  of  the  beach, 
provide  habitat  for  wildlife,  and  provide  an  aesthetic  border  for  any 
shorefront. 


.  Floodgates  or  Tide  gates.  Floodgates  can  be  used  to  close  off 
rivers,  streams,  drainage  ditches  or  pipes  to  prevent  tide  waters  from 
flowing  up  or  into  these  natural  or  man  made  waterways. 

Tide  gates  usually  refer  to  gates  used  on  culverts  which  drain  water 
under  roadways  or  from  neighborhood  catch  basins. 

Floodgates  in  this  study  are  being  considered  to  prevent  tidal  surges 
up  the  Saugus  and  Pines  Rivers.  Floodgates  have  been  built  around  the 
world  to  prevent  tidal  surges  from  entering  estuaries,  bays,  harbors  or 
rivers  and  flooding  developed  properties.  They  are  generally  designed  to 
maintain  the  natural  tided  flushing  of  an  area  and  are  only  closed  for  a 
threat  of  flooding. 

well  known  floodgates  have  been  built  on  the  Thames  River  in  England, 
and  for  the  Delta  Project  in  the  Netherlands.  Another  is  planned  to 
protect  Venice. 

In  the  united  States  most  floodgate  structures  of  ary  size  have  been 
built  in  New  England  by  the  New  England  Division,  Corps  of  Engineers. 

They  include  projects  designed  against  high  tide  levels;  including  the  : 

1.  Fax  Point  Hurricane  Flood  Protection  Project,  Providence,  Rhode 
Island,  visited  by  the  Technical  and  Citizen  Ocnmittees  (Plate  Q-6) . 

2.  New  Bedford  Hurricane  Flood  Protection  Project,  New  Bedford, 
Faizhaven  and  Acushnet,  Massachusetts,  also  visited  by  the  Ocnmittees. 

3.  Stamford  Hurricane  Flood  Protection  Project,  Stamford,  Connecticut 
(Plate  Q-7) . 

4.  Charles  River  Dam  Project,  Boston  and  Charlestown,  Massachusetts. 


TWo  other  hurricane  barrier  projects  without  floodgates  are:  (1) 
Pawcatuck  Flood  Protection  Project,  Stonington,  Connecticut,  (2)  New 
London  Hurricane  Flood  Protection  Project,  New  London,  Connecticut. 
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NEW  BEDFORD,  FAIRHAVEN,  AND  ACUSHNET  HURRICANE  FLOOD  PROTECTION  -  This  project 
provides  tidal  flood  protection  for  the  New  Bedford  area.  This  project  was  completed  by  the  Corps  of 
Engineers  in  1966.  The  project  includes  a  barrier  across  New  Bedford  -  Fairhaven  Harbor,  and  consists 
of  8.000  leet  of  earthfill  dike.  A  gated  opening,  1 50  feet  wide,  accommodates  barge  traffic  and 
recreational  navigation.  The  Corps  of  Engineers  operates  and  maintains  the  navigation  gate  and  main 
harbor  barrier  with  funds  provided  by  local  interests  through  prepayment  to  the  Federal  Government. 


FOX  POINT  HURRICANE  FLOOD  PROTECTION  PROJECT  -  Completed  by  the  Corps  of  Engineers  in 
1966  at  a  cost  of  $14.8  million,  located  1  mile  south  of  the  heart  of  Providence,  R.I..  along  the  tidal 
estuary  of  the  Providence  River  The  barrier  consists  of  a  concrete  gravity  dam  about  700  feet  long  with 
connecting  dikes.  Included  in  the  barrier  are  three  river  gates  and  a  pumping  station.  The  river  gates, 
with  three  40-foot  openings,  pass  normal  river  and  tidal  flows  while  permitting  passage  of  small  boats 
and  barges  When  closed,  the  project  prevents  the  entry  of  tidal  floodwaters  from  the  bay  Maintenance 
and  operation  of  the  project  became  the  local  responsibility  in  August  1966 
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STAMFORD  HURRICANE  FLOOD  PROTECTION  PROJECT  -  Completed  in  1969  by  the  Corps  of 
Engineers,  at  a  cost  of  $13.5  million,  the  project  extends  across  Stamford  Harbor.  It  includes  1 1 .700  feet 
of  protective  works,  principally  dikes,  and  includes  a  90-foot  gated  navigation  opening  The  flap-type 
gate  normally  rests  on  the  harbor  floor,  and  can  be  raised  on  steel  arms  in  20  minutes  to  seal  the  harbor 
against  tidal  surges.  Local  interests  operate  and  maintain  the  project  with  the  exception  of  the  navigation 
gate.  Local  interests  made  a  cash  payment  toward  the  first  cost  of  the  project  in  lieu  of  operating  and 
maintaining  the  gate,  which  is  accomplished  by  the  Corps. 


CHARLES  RIVER  DAM  PROJECT  -  Completed  by  the  Corps  of  Engineers  in  1 978  at  a  cost  of  $59 
million,  located  between  Charlestown  and  Boston  s  North  End.  The  project  includes  a  fishway,  a 
pumping  station  and  three  navigation  locks  across  440  feet  of  the  Charles  River  and  350  feet  of  earthfill 
dam  across  the  rest  of  the  river.  To  harmonize  the  project  with  the  historic  environment  of  the 
communities  it  protects,  the  structural  design  features  a  lacade  of  red  water-struct  brick  traditional  to 
Boston.  The  new  Paul  Revere  Landing  Park  on  the  Charlestown  abutment  commemorates  the  Patriots 
midnight  ride.  The  preservation  of  8500  acres  of  wetlands  as  part  of  the  Natural  Valley  Storage 
component  of  the  project  received  several  environmental  awards.  The  Metropolitan  District  Commission 
operates  and  maintains  the  dam. 
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There  are  a  number  of  different  types  of  floodgates.  Sector  Gates  can 
be  used  to  close  cut  high  hurricane  forced  tides  such  as  New  Bedford's  150 
foot  wide  navigation  gate,  or  for  boat  passage  through  the  locks  at  the 
Charles  River  Dam  in  Boston.  The  gates  are  sectors  of  a  circle  and  roll 
out  fran  each  side  of  the  gate  structure  to  close  off  the  channel.  A 
Flap-type  Gate  at  Stamford  normally  rests  on  the  harbor  floor,  then  is 
lifted  up  to  close  off  the  harbor.  A  Miter  Gate  is  used  for  large  locks 
in  the  mid-West  where  wave  action  is  limited  to  only  a  few  feet,  such  as 
the  entrance  to  the  Saugus  River.  Miter  gates  are  two  large  steel  hinged 
doors  which  close  at  a  bevel  or  miter. 

The  Tainter  Gates  at  Fax  Point  are  normally  in  a  raised  position  and 
are  lowered  to  close  off  the  opening. 

There  are  gates  that  lift,  slide  and  float  to  the  surface,  all 
designed  depending  on  particular  conditions  or  purpose. 

RErTICT:  VtTT  NFRABTT  TTY 

.  Ponding  Areas.  Natural  or  man-made  pending  areas  can  be 
preserved  or  constructed  to  store  flood  waters  to  reduce  or  prevent 
damages  to  buildings. 

.  Floodoroof  ina .  This  enoenpasses  a  body  of  techniques  for 
preventing  damages  due  to  floods,  requiring  action  both  to  structures  and 
to  building  contents,  it  involves  keeping  water  out,  as  well  as  reducing 
the  effects  of  its  entry.  Such  adjustments  can  be  applied  by  the 
individual,  or  as  part  of  a  collective  action,  either  when  buildings  are 
under  construction  or  during  temporary  remodeling.  They  may  be  permanent 
or  temporary. 

Floodproofing,  like  other  methods  of  preventing  flood  damages,  has  its 
limitations.  It  can  generate  a  false  sense  of  security  and  discourage  the 
development  of  needed  flood  control  and  other  actions.  Indiscriminately 
used,  it  can  tend  to  increase  the  uneconomical  use  of  flood  plains 
resulting  from  unregulated  flood  plain  development.  Each  measure  must  be 
evaluated  for  its  specific  application  in  the  reduction  of  flood  damages, 
and  only  then  can  it  be  decided  if  that  particular  measure  is  feasible  — 
physically  and  economically. 

Floodproofing  measures  can  be  classified  into  three  broad  categories. 
First  are  permanent  measures  which  become  an  integral  part  of  the  struc¬ 
ture  or  land  surrounding  it.  Second  are  temporary  or  standby  measures 
which  are  used  only  during  floods,  but  which  are  constructed  and  made 
ready  prior  to  any  flood  threat.  Third  are  emergency  measures  which  are 
carried  out  during  flood  situations  in  accordance  with  a  predetermined 
plan.  In  recent  years,  floodproofing  has  ocme  to  be  known  as 
"nonstructural"  to  be  distinguished  fran  "structural”  which  is 
traditionally  associated  with  major  flood  control  works. 
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Nonstructural  flood  damage  reduction  measures  have  an  important  role 
alongside  traditional  structural  measures.  Continued  occupancy  of 
developed  flood  plain  sites,  and  even  new  development  of  such  sites,  may 
be  necessary  in  seme  low-lying  places  -  especially  in  certain  urban  areas 
where  a  shortage  of  land  may  offer  no  other  realistic  alternative. 

Typical  nonstructural  measures  include  closures  for  openings  (doors, 
windows,  etc.),  waterproof  sealants  for  walls  and  floors,  utility  valves 
to  prevent  backflow  of  sewer  and  plumbing  facilities,  and  sunp  punps. 
Another  technique  is  raising  existing  structures  above  flood  levels. 

Within  an  existing  group  of  structures,  damageable  property  can  often 
be  placed  in  a  less  vulnerable  location  or  protected  in-place.  It  is 
something  every  property  owner  can  do  to  one  degree  or  another.  Furnaces 
and  appliances  can  be  protected  by  raising  than  off  the  floor.  Damageable 
property  can  be  moved  from  lower  to  higher  floors,  or  other  less 
flood-prone  sites.  Important  mechanical  and/or  electrical  equipment  can 
be  flood-proofed  by  enclosing  them  in  a  watertight  utility  cell  or  room. 

A  consideration  that  must  be  included  is  that  residual  damage  to  both 
the  structure  and  contents  will  remain  even  when  the  most  vulnerable 
property  is  rearranged  or  protected.  Measures  such  as  these  cure  usually 
considered  when  other  measures  are  either  not  physically  or  economically 
feasible,  or  the  depth  of  flooding  is  relatively  shallow. 

Elimination  of  flood  damages  can  also  be  accomplished  by  relocation  of 
existing  structures  and/or  contents.  There  are  basically  two  options  for 
removing  property  to  a  location  outside  the  flood  hazard  area.  One  is  to 
remove  both  structure  and  contents  to  a  flood-free  site;  the  second  is  to 
remove  only  the  contents  to  a  structure  located  outside  the  flood  hazard 
area,  and  demolish  or  reuse  the  structure  at  the  existing  site.  In  each 
case,  the  purpose  is  to  take  advantage  of  the  existing  property  in  a 
manner  compatible  with  the  flood  hazard. 

.  Flood  warning  and  Evacuation.  Flood  forecasts,  warning  and 
evacuation  is  a  strategy  to  reduce  flood  losses  by  charting  out  a  plan  of 
action  to  respa  d  to  a  flood  threat.  The  strategy  includes: 

A  system  for  early  recognition  and  evaluation  of  potential 

floods. 

Procedures  for  issuance  and  dissemination  of  a  flood  warning. 

Arrangements  for  temporary  evacuation  of  people  and  property. 

Previsions  for  installation  of  temporary  protective  measures. 

A  means  to  maintain  vital  services. 

A  plan  for  postflood  reoccupation  and  economic  recovery  of  the 

flooded  area. 

Flood  warning  is  the  critical  link  between  forecast  and  response.  An 
effective  warning  process  will  oommunicate  the  current  and  projected  flood 
threat,  reach  all  persons  affected,  account  for  the  activities  of  the 
community  at  the  time  of  the  threat  (day,  night,  weekday)  and  motivate 
persons  to  action.  The  decision  to  warn  must  be  made  by  responsible 
agencies  and  officials  in  a  competent  manner  to  maintain  the  credibility 
of  future  warnings. 
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An  effective  warning  needs  to  be  followed  by  an  effective  response. 
This  means  prompt  and  orderly  evacuation  and/or  action.  This  includes: 


-  Establishment  of  rescue,  medical  and  fire  squads. 

Identification  of  rescue  and  emergency  equipment. 

-  Identification  of  priorities  for  evacuation. 

Surveillance  of  evacuation  to  insure  safety  and  protect  property. 

.  Flood  Plain  Regulations.  Through  proper  land  use  regulations, 
flood  plains  can  be  managed  to  insure  that  their  use  is  compatible  with 
the  severity  of  a  flood  hazard.  Several  means  of  regulation  include: 
zoning  ordinances,  subdivision  regulations  and  building  and  housing 
codes.  Their  purpose  is  to  reduce  flood  1  esses  by  controlling  the  future 
and  existing  uses  of  flood  plain  lands. 

Zoning  regulates  the  use  of  structures  and  land,  the  height  and  bulk 
of  buildings,  and  the  size  of  lots  and  density  of  use.  It  is  usually 
based  upon  seme  broad  land  use  plans  to  guide  the  growth  of  the 
oammunity.  Subdivision  regulations  guide  the  division  of  large  parcels  of 
land  into  smaller  lots  for  development.  Subdivision  regulations  with 
special  reference  to  flood  hazards  often  (1)  require  installation  of 
adequate  drainage  facilities,  (2)  require  filling  of  a  portion  of  each  lot 
to  provide  a  safe  building  site  at  an  elevation  above  the  selected  flood 
height,  and  (3)  require  the  placement  of  streets  and  public  utilities 
above  a  selected  flood  protection  elevation.  Building  and  Housing  Codes 
neither  regulate  where  development  takes  place  nor  the  type  of 
development,  but  rather  specify  building  design  and  materials. 

•  Flood  Insurance.  Flood  insurance  is  not  really  a  flood  damage 
reduction  measure;  rather  it  provides  protection  from  financial  loss 
suffered  during  a  flood.  The  National  Flood  Insurance  Program  was  created 
by  Congress  in  an  attempt  to  reduce,  through  more  careful  planning,  the 
annual  flood  losses  and  to  make  flood  insurance  protection  available  to 
property  owners.  Prior  to  this  program  the  response  to  flood  disaster  was 
limited  to  the  building  of  flood  control  works  and  providing  disaster 
relief  to  flood  victims.  Insurance  companies  would  not  sell  flood 
coverage  to  property  earners,  and  new  construction  would  often  overlook  new 
flood  protection  techniques. 

The  National  Flood  Insurance  Program  is  conducted  by  the  Federal 
Insurance  Administration  (FIA)  under  the  direction  of  the  Federal 
Emergency  Management  Agency  (FEMA)  —  formerly  the  Department  of  Housing 
and  Urban  Development,  Flood  Insurance  Administration.  The  program 
provides  local  officials  with  a  usable  tool  for  protection  of  their  flood 
plains.  A  flood-prone  oernunity,  once  on  the  regular  program,  must  enact 
floodplain  zoning  in  accordance  with  minimum  guidelines  established  by 
FEMA.  Failure  to  enact  or  enforce  such  legislation  could  be  penalized  by 
forfeiture  of  all  Federal  funding  assistance. 

Flood  insurance  is  an  option  for  all  owners  of  existing  buildings  in  a 
community  identified  as  flood-prone.  It  is  compulsory  for  all  new  buyers 
of  property  in  the  FEMA  designated  100-year  flood  plain  where  Federally 
insured  mortgages  or  mortgages  through  Federally  connected  banks  are 
involved. 
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In  order  to  qualify,  a  community  must  adopt  preliminary  flood  plain 
management  measures  including  floodproofing  far  all  proposed  construction 
or  other  development.  They  must  be  reviewed  to  assure  that  sites  are 
reasonably  free  from  flooding?  all  structures  in  flood-prone  areas  must  be 
properly  anchored  and  made  of  materials  that  will  minimize  flood  damage; 
new  subdivisions  must  have  adequate  drainage;  and  new  or  replacement 
utility  systems  must  be  located  to  prevent  flood  loss. 

.  Public  Acquisition  of  Flood  Plain  land.  Public  control  over  the 
flood  plain  may  be  obtained  by  purchasing  the  title  or  some  lesser  rights 
such  as  development  or  public  access  rights.  Acquisition  of  the  title  is 
better  suited  for  undeveloped  or  sparsely  developed  land  in  the  flood 
plain.  It  is  a  very  desirable  means  for  providing  environmental  and 
wildlife  protection,  public  open  space,  recreation  and  other  purposes. 

PLANS  OF  OTHERS 

A  variety  of  Ocnmonwealth  of  Massachusetts  activities  and  programs 
have  direct  bearing  on  water  and  related  land  uses  in  the  study  area. 

Those  relevant  to  this  study  are  described  here. 

.  The  Department  of  Environmental  Quality  Engineering  (EBQE)  has 
plans  to  construct  improvements  along  Sales  Creek,  southwest  of  Roughans 
Point.  These  improvements  were  initiated  in  1980  for  the  purpose  of 
alleviating  the  creek's  periodic  flood  problems  and  are  near  completion. 
Measures  include  a  punping  station  at  Bennington  Street  where  Sales  Creek 
empties  into  Belle  Isle  Inlet,  replacement  and  enlargement  of  most  of  the 
existing  culverts,  excavation  of  sediment  and  removal  of  debris  from  the 
channel  and  enclosure  of  two  reaches  in  pipe  conduits. 

.  The  Coastal  Zone  Management  Program  (CZM)  offers  technical 
assistance  to  ccrammities,  provides  for  federal  consistency  with  policies, 
and  above  all,  sets  a  high  priority  on  placing  the  state's  regulatory  and 
management  programs  in  order  thus  making  them  work  in  a  more  assured, 
timely  and  consistent  manner.  The  Massachusetts  CZM  program  protects  the 
coastline's  natural  resources  and  insures  that  the  environmental  and 
economic  values  of  the  coastal  zone  be  maintained,  and  even  enhanced. 

.  The  Statewide  Comprehensive  Outdoor  Recreation  Plan  (SOORP) 
prepared  by  the  Department  of  Environment  Management  (DEM) ,  recommends 
that  recreational  needs  be  met  where  demand  is  greatest  and  supply  most 
deficient,  and  that  priority  be  placed  on  satisfying  the  needs  for  the 
most  widely  demanded  recreational  activity.  The  plan  identifies  swimming 
as  the  most  popular  recreational  activity  and  finds  that  urban  areas, 
particularly  the  greater  Boston  area,  have  the  highest  need  for  new 
recreational  facilities. 

.  The  State  Growth  Policy  Plan,  prepared  by  the  Office  of  State 
Planning  (OSP) ,  recommends  that  new  growth  and  development  be  channeled  to 
existing  urban  centers  or  to  regional  development  centers,  and  that  State 
programs  of  public  investments  adhere  to  the  policy  and  support  urban 
development. 
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PLAN  PCEMUIATICN  RATICNAIE 

During  the  course  of  the  study,  preliminary  plans  were  evaluated  for 
feasibility  in  satisfying  the  national  and  study  objectives,  flood 
protection  needs,  economic  justification,  environmental  and  social 
acceptance  and  impenetrability.  These  plans  were  formulated  to  decide  if 
further  studies  should  continue  and  which  plans  warrant  detailed  study. 

The  elevation  datum  used  throughout  the  report  is  feet  above  the 
National  Geodetic  Vertical  Datum  (ft.  NGVD) .  Zero  NGVD  datum  is  about  4.5 
feet  above  mean  law  water. 

The  frequency  and  depth  of  potential  future  flooding  was  developed 
from  several  sources  including  an  analysis  of  known  historical  levels, 
including  field  interviews.  For  example,  the  record  event  of  6  &  7 
February  1978  produced  water  levels  generally  ranging  from  9  to  14  feet 
NGVD.  Similarly,  based  on  available  information  and  interviews,  the 
February  1972,  November  1968,  January  1979  and  January  1987  events 
produced  interior  water  levels  of  approximately  9.0  feet  NGVD.  The 
frequency  of  these  events  and  the  statements  of  residents  reporting 
ponding  depths  in  their  home,  business  or  on  the  streets  was  the  basis  for 
adapting  the  projected  frequency  and  depth  of  future  flooding.  Historical 
flood  levels  and  statistical  analysis  of  Boston  tide  levels  calibrated 
with  modeling  and  gaging  stations  in  Broad  Sound  and  on  the  Saugus  and 
Pines  Rivers  were  used  to  project  future  interior  flood  stages  in  the 
study  area. 

Where  damages  from  large  floods  would  be  catastrophic  the  SFN  is  the 
goal  for  the  level  of  protection.  The  SIN  flood  is  that  flood  which  might 
be  expected  from  the  most  severe  combination  of  meteorological  and 
hydrological  conditions  that  are  considered  reasonably  characteristic  of 
the  region  involved,  excluding  extraordinarily  rare  ocmbinations.  This 
policy  is  particularly  applicable  to  projects  involving  urban  areas.  As 
explained  in  the  Main  Report,  the  SFN  tide  level  estimated  for  Broad  Sound 
is  elevation  12  feet,  NGVD. 

The  February  1978  storm's  Stillwater  tide  level  of  10.3  feet  NGVD,  is 
the  greatest  observed  tide  in  Boston  and  has  a  1.0  percent  chance  of 
occurrence  each  year  (100-year  recurrence  interval) . 
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The  following  explains  why  the  100,500  and  SFN  levels  were  selected 
far  formulating  and  evaluating  plans.  The  1978  storm  has  a  frequency  of 
occurrence  of  1  percent  chance  each  year  or  about  a  100  year  storm.  With 
the  historical  rate  of  sea  level  rise  this  frequency  is  expected  to  change 
each  year  during  the  life  of  the  project.  In  other  words,  the  severe 
damages  acocnpanying  the  1978  flood  of  record  would  eventually  became 
about  a  ten  year  event  with  a  one  foot  rise  in  sea  level.  If  accelerated 
sea  level  rise  should  materialize,  the  1978  storm  would  become  more 
frequent.  Flood  protection  in  the  study's  urban  area,  threatened  by 
rising  sea  levels  and  prone  to  historical  and  catastrophic  damages,  should 
be  designed  for  the  highest  level  of  protection  possible  or  the  SFN. 
However,  in  the  event  the  SFN  level  of  protection  is  not  justified 
economically  or  environmentally  or  is  not  acceptable  socially  then  lower 
levels  should  be  considered.  Tidal  flooding  in  the  area  occurs  as  a 
result  of  many  factors;  tide  levels,  wave  action,  winds  and  their 
direction  and  the  height  of  shore  front  structures  and  interior  runoff,  to 
list  a  few.  For  protection  against  tidal  flooding,  the  frequency  of 
Stillwater  tide  levels  reasonably  represents  tide  related  factors  during 
storm  conditions  and  thus  provides  a  basis  to  formulate  plans  against 
tidal  flooding.  The  Stillwater  tide  level  and  its  historical  frequency 
assigned  is  useful  in  analyzing  tidal  overtopping  and  establishing  the 
heights  of  structures  needed  for  a  particular  level  of  protection,  as  well 
as  assigning  benefits  or  damages  prevented  to  that  same  frequency. 

There  are  about  one  foot  differences  in  the  Stillwater  tide  levels 
between  the  following  events:  the  10  year  event  at  EL.  9.2,  100  year  at 
EL.  10.3,  500  year  at  EL.  11.2  and  SFN  at  EL.  12.0  Stillwater  tide 
levels.  This  small  incremental  change  in  height  of  about  one  foot  between 
each  event  produces  significantly  higher  differences  in  frequencies  of 
protection. 

Due  to  the  fact  that  over  the  project  life  the  existing  ten  year  event 
would  became  a  one  year  event  with  historical  sea  level  rise,  it  is 
inappropriate  to  formulate  a  plan  that  over  its  100  year  life  would  change 
from  providing  ten  year  protection  to  only  one  year  or  less.  Thus,  a  10 
year  level  of  protection  is  not  being  considered  further  in  this 
investigation . 

In  order  to  economically  optimize  a  plan  three  plans  are  normally  used 
to  determine  when  the  highest  net  economic  benefits  are  achieved.  Since 
there's  less  than  one  foot  difference  between  the  100  year,  500  year  and 
SR*  levels  -  they  are  selected  for  optimizing  plans. 

SCREENING  PLANS 

The  500  year  level  is  an  intermediate  point  among  the  three  levels  of 
protection  and  was  selected  for  screening  structural  plans.  Normally,  the 
SFN  is  not  economically  justified,  due  to  its  lew  recurrence  frequency  and 
resulting  lew  incremental  additional  benefits  needed  to  incrementally 
justify  additional  costs  to  reach  SFN  protection.  Both  the  Roughans  Point 
and  Point  of  Pines  local  protection  projects  were  incrementally  optimized 
at  about  a  level  of  protection  where  significant  damages  were  prevented  at 
the  100  year  event. 
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However,  during  the  initial  investigation  of  the  Revere  Beach 
Backshore  area  preliminary  planning  found  that  the  500  year  design  storm 
condition  produced  the  highest  net  benefits.  Thus,  when  the  regional 
study  for  the  Saugus  River  and  Tributaries  started,  all  structural  plans 
were  screened  at  this  level  of  protection.  Ncnstructural  plans  as  found 
in  other  studies  usually  produce  their  highest  net  benefits  at  the  100 
year  level  since  their  analysis  is  on  a  building  by  building  basis.  Once 
the  preferred  plan  is  selected  it  is  optimized  far  net  benefits  usually  by 
preparing  three  plans  providing  either  the  100  year,  500  year  or  SHI 
design  protection. 

In  order  for  a  plan  to  incrementally  and  economical  justify  a  high 
level  of  protection,  there  must  be  a  low  increase  in  project  costs 
aooonpanied  by  a  higher  incremental  increase  in  benefits.  The  preliminary 
Revere  Beach  Beachshore  local  protection  plan  (LFP)  was  initially 
optimized  at  a  higher  level  (500  year)  than  either  Roughans  Point  or  Point 
of  Pines  due  to  this  reason.  A  large  number  of  buildings  could  be 
protected  at  a  higher  level  with  less  incremental  increase  in  the  cost  of 
the  protection.  Conversely,  far  non  structural  measures,  the  increased 
cost  of  raising  or  flood  proofing  each  building  protects  only  the  one 
building,  thus  one  reason  a  100  year  level  is  usually  selected.  One 
factor  which  affects  the  incremental  increase  in  benefits  at  the  100  year 
is  that  the  majority  of  flood  insurance  benefits  (or  reduction  in 
insurance  costs)  are  achieved  try  raising  the  first  floor  above  the  100 
years  level. 


Therefore,  the  500  year  plan  (SWL  at  EL.  11.2)  was  selected  for 
screening  structural  plans  and  100  year  (SWL  at  El. 10. 3)  far  ncnstructural 
in  an  attempt  to  give  each  a  good  chance  of  achieving  their  highest  net 
benefits.  Again  there  is  only  about  a  one  foot  difference  in  the  heights 
of  flooding  and  protection  in  both  cases  or  between  levels  of  protection. 

This  approach  of  screening  plans  at  the  500  or  100  year  level  would 
considerably  save  resources,  both  time  and  study  costs,  rather  than 
optimize  every  plan  investigated.  The  end  results  however  should  be 
evaluated  to  assure  the  optimum  plan  has  been  identified. 


PLAN  : 


isii  *) 


LATICN  CRITERIA 


The  following  guidelines  and  criteria  were  used  in  the  formulation  of 
preliminary  plans: 


CORPS  CRITERIA  AND  GUIDELINES 


The  Corps  of  Engineers  Principles  and  Guidelines,  were  followed  in  the 
conduct  of  this  study.  Other  applicable  Federal  laws  and  guidelines  were 
also  used  as  explained  throughout  the  report.  Alternative  plans  which 
contribute  to  the  Federal  abjective  should  be  systematically  formulated. 

In  addition  to  a  plan  which  reasonably  maximizes  net  economic  benefits,  or 
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maximizes  oantributions  to  National  Eocncmic  Development  (NED) ,  other 
plans  may  be  formulated  which  reduce  net  NED  benefits  in  order  to  further 
address  other  federal,  state,  local  and  international  concerns  net  fully 
addressed  by  the  NED  plan.  These  additional  plans  should  be  formulated  in 
order  to  allow  the  decision  maker  the  opportunity  to  judge  whether  these 
beneficial  effects  outweigh  the  corresponding  NED  losses  or  project  costs. 

In  general,  in  the  formulation  of  alternative  plans,  an  effort  is  made 
to  include  only  increments  that  provide  net  NED  benefits  after  accounting 
for  appropriate  mitigation  costs.  Appropriate  mitigation  of  adverse 
envirtnnental  effects,  as  required  by  law  is  included,  in  all  alternative 
plans.  Increments  that  do  not  provide  net  NED  benefits  may  be  included, 
except  in  the  NED  plan,  if  they  are  cost-effective  measures  for 
addressing  specific  concerns. 

Alternative  plans,  including  the  NED  plan,  should  be  formulated  in 
oonsideratian  of  four  criteria:  Completeness;  effectiveness ;  efficiency; 
and  acceptability. 

ccnpleteness  is  the  extent  to  which  a  given  alternative  plan  provides 
and  accounts  for  all  necessary  investments  or  other  actions  to  ensure  the 
realization  of  the  planned  effects.  This  may  require  relating  the  plan  to 
other  types  of  public  or  private  plans  if  the  other  plans  are  crucial  to 
realization  of  the  contributions  to  the  objective.  Each  plan  must  be 
oonplete  within  itself  to  provide  the  benefits  claimed  for  that  plan. 

Effectiveness  is  the  extent  to  which  the  alternative  plan  alleviates 
the  specified  problems  and  achieves  the  specified  opportunities. 

Efficiency  is  the  extort  to  which  an  alternative  plan  is  the  most  cost 
effective  means  of  alleviating  the  specified  problems  and  realizing  the 
specified  opportunities,  consistent  with  protecting  the  Nation's 
environment. 

Acceptability  is  the  workability  and  viability  of  the  alternative  plan 
with  respect  to  acceptance  by  State  and  local  entities  and  the  public  and 
compatibility  with  existing  laws,  regulations,  and  public  policies. 

The  NED  Plan  -  A  plan  that  reasonably  maximizes  net  national  economic 
development  benefits,  consistent  with  the  Federal  objective,  is  to  be 
formulated.  This  plan  is  to  be  identified  as  the  national  economic 
development  plan. 

Other  Alternative  Plans  - 

(a)  Other  alternative  plans  should  be  formulated  to  adequately 
explore  opportunities  to  address  other  federal,  state,  local  and 
international  concerns  not  fully  addressed  by  the  NED  plan. 

(b)  The  number  and  variety  of  alternative  plans  should  be  governed 
by- 

(1)  The  problems  and  opportunities  with  the  water  and  related 
land  resources  in  the  study  area; 
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(2)  The  overall  resource  capabilities  of  the  study  area; 

(3)  The  available  alternative  measures;  and 

(4)  Preferences  of  and  conflicts  among  state  and  local  entities 
and  different  segments  of  the  public. 

(c)  When  institutional  barriers  would  prevent  implementation  of  an 
economically  attractive  plan,  alternative  plans  which  include  removal  of 
those  barriers  should  be  presented  where  such  plans  are  implementable. 

MEPA  GUIDELINES 

The  Massachusetts  Environmental  Policy  Act  (MEPA)  process  also 
requires  the  evaluation  of  alternatives  and  display  of  impacts. 

Even  though  lack  of  support  was  very  evident  for  sane  options 
investigated,  all  options  received  several  levels  of  formulation  to  make 
them  more  ocnplete  and  potentially  more  acceptable.  This  was  accomplished 
in  the  event  the  preferred  option  should  unexpectedly  result  in  problems 
precluding  its  implementation.  The  reformulation  of  those  options  provide 
a  reasonable  assessment  of  their  feasibility,  impacts  and  implementability 

EXISTING  SHCREFRCNT  STRICTURES  -  CRITERIA/EVAIIJATION 

There  are  over  30  miles  of  existing  shorefrcnt  and  structures  in  the 
study  area.  The  following  methods  Mere  used  to  describe  the  shorefrcnt 
structures  and  determine  if  improvements  were  needed  to  reduce  flooding. 
The  shorefrcnt  was  divided  into  different  reaches.  Each  reach  has 
generally  a  single  type  of  structure,  at  the  same  height.  This  was 
necessary  to  determine  whether  flooding  was  or  was  not  caused  as  a  result 
of  overtopping  each  reach  and,  the  extent  of  the  overtopping.  Also 
evaluated  was  whether  the  shorefrcnt  would  need  total  replacement, 
modification  of  the  existing  structure,  or  no  change  at  all,  to  reduce 
flooding  in  the  area  behind  it.  Alternative  improvements  were  evaluated 
by  reach. 

In  evaluating  the  different  reaches  along  the  shorefrcnt  to  determine 
what  needed  to  be  done,  the  following  criteria  and  methods  were  used  for 
the  selected  level  of  protection: 

.  The  shorefrcnt  structure  would  first  be  evaluated  during  field 
inspections  by  a  multi  disciplined  study  team  including  persons  trained  in 
structural  and  foundation  analysis  and  design,  economics,  real  estate, 
bic.  logy  and  a  representative  of  the  ccrrunity.  The  investigation  would 
collect  information  on  the  existing  and  historical  condition  of  the 
structure  and  formulate  alternative  improvements. 

.  Owners  of  the  structures  and  nearby  property  owners  were 
interviewed  to  determine  the  history  of  the  structure.  This  interview 
included  it's  structural  age,  how  it  was  replaced,  and  whether  it  was 
overtopped  or  damaged  in  1978  or  any  other  flood  event. 
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.  Die  storefront  was  later  analyzed  for  its  existing  condition  to 
determine  the  top  of  wave  run-ip  on  the  structure  and  type  of  waves  hit¬ 
ting  it.  Survey  data  was  also  obtained  to  determine  the  structure's  pro¬ 
file,  for  example,  the  elevation  for  the  top  of  the  structure  and  ground 
elevation  on  each  side  of  it,  and  the  slope  of  the  ground  fronting  it. 

.  If  a  structure  would  be  significantly  overtopped  or  could  fail 
during  a  selected  design  flood  event,  improvements  would  be  needed. 

.  Die  structure  could  be  stable  if  "as  built”  drawings  of  its 

construction  (when  analyzed)  proved  it  was  properly  designed,  and  if  field 
inspections  proved  no  significant  defects  or  historical  failures. 

.  If  there  was  no  failure  or  repairs  required  in  1978  and  the  exposed 
structure  appears  stable,  but  there  were  no  "as  builts"  to  show  its 
foundation  design,  then  the  structure  would  normally  require  only  measures 
to  stabilize  its  foundation. 

.  Damaged  or  deteriorated  structures  would  likely  need  to  be  totally 
replaced. 

.  If  ary  structure  were  determined  to  be  stable  during  planning  with 
no  improvements  required,  then  it  would  be  subject  to  additional 
investigation  during  design  of  a  project.  Die  continued  maintenance  of 
the  structure  would  also  be  required  for  any  project. 

In  summary,  the  results  of  investigating  each  reach  determined  whether 
it  was  overtopped,  currently  stable,  could  be  raised,  would  need 
foundation  improvements,  would  be  totally  replaced,  type  of  structure  to 
replace  it,  and  the  social,  environmental,  technical  and  economic 
considerations  for  improving  each  reach. 

NCNSTODCrURAL  CRITERIA 

Die  criteria  used  to  develop  nonstrurtural  flood  proofing  plans  for 
the  100  year  level  of  protection  included: 

.  residential  areas  were  investigated  for  raising  buildings,  limited 
to  one  and  two  story  family  residences,  where  100  year  flood  levels 
reached  the  first  floor. 

.  commercial  and  industrial  buildings  and  multi  family  or  corriominium 
buildings  would  be  investigated  for  flood  proofing  using  shields  at 
windows  and  doors.  Also  ring  walls  around  storage  areas  would  be 
considered. 

.  for  flood  levels  above  the  concrete  foundation  or  first  floors, 
only  those  buildings  constructed  of  concrete  or  brick  would  be  considered 
for  shields.  Wooden  structures  would  not  be  floodproofed  with  shields. 

.  residential  buildings  would  be  evaluated  for  protection  of  their 
utilities  with  a  water  tight  utility  cell  within  the  existing  hone  or 
construction  of  a  water  tight  "utility  rocm"  addition  to  the  heme. 
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.  all  flood  proofing  measures  include  water  tight  foundations. 


SQFEBJP*?  QF  RAW 

One  measure  for  flood  damage  reduction  was  screened  out  for 
feasibility  in  satisfying  the  needs  of  the  Study  Area.  Below  is  a  brief 
synopsis  of  the  results  of  the  evaluation. 

Floating  hrrakrat-oT-B  anchored  offshore  to  intercept  incoming  waves 
were  determined  not  to  be  irplementable.  Such  a  breakwater  should  not  be 
subjected  to  a  design  wave  with  a  period  of  4  seconds  or  more,  or  a  wave 
height  greater  than  4  feet  (Technical  Report  HL-80  Floating  Breakwater) . 
The  design  wave  height  for  Revere  Beach  is  about  9.0  feet;  and  in  Lynn 
Harbor  reaches  3.4  feet  with  a  maximum  wave  period  of  about  4.5  seconds. 
Therefore,  this  design  is  not  applicable  to  the  Revere  Beach  or  Iym 
Harbor  areas. 

PLANS  (CR  OPTICUS)  OF  PROTECTICU 

Three  basic  plans  or  options  were  prepared  using  management  measures. 
These  options  include  various  examinations  of  management  measures,  as 
follows: 

(1)  Option  1  -  Local  Protection  Plans  would  separately  protect 
individual  geographic  areas  with  experienced  concentrated  damages. 

Measures  would  include  far  exasple,  walls,  dikes  or  revetments  along  the 
shorefront  to  high  ground  to  reduce  overtopping,  pending  areas  for  flood 
storage  and  flood  warning  and  evacuation  measures  and  pumping  stations,  if 
needed,  and  existing  regulatory  controls,  such  as  wetland  regulations, 
flood  plain  management,  flood  plain  zoning  and  flood  insurance. 

(2)  Option  2  -  Nonstructural  Plans  would  include  regulatory  controls 
flood  warning  and  evacuation  measures  and  flood  proofing  for  individual  or 
small  groups  of  structures.  Floodproofing  would  include  heme  raising, 
utility  roans  or  cells,  flood  shields,  (blocking  doors  or  windows)  and 
walls  around  groups  of  buildings  or  commercial  storage  areas. 

(3)  Qpticn  3  -  Regional  Floodgate  Plan  wculd  include  floodgates 
across  the  Saugus  or  Pines  Rivers  tied  into  shorefront  protection  to  high 
ground,  ponding  areas  (e.g. ,  the  estuary)  and  flood  warning  and  evacuation 
measures,  regulatory  ocntrols,  and  punping  stations,  if  needed. 

opncu  #1  local  raoiEcncu  plans 

The  study  area  was  divided  into  eight  geographic  areas,  each  with 
varying  degrees  of  development.  The  more  development  and  potential 
damages  in  the  area,  the  more  likely  the  area  could  be  protected  by  a  wall 
or  dike  system  along  the  shorefront,  justified  to  prevent  damages.  Five 
areas  appeared  to  have  sufficient  damages  to  justify  a  local  protection 
project  (LPP)  shown  in  Plate  Rl.  including: 
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Option  #1 

FOUR  LOCAL  PROTECTION  PLANS 
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New  England  Division 


June  1989 


PLATE  R-1 


1.  Revere  Beach  Backstore,  Revere 

2.  City  of  Iym 

3.  East  Saugus,  Saugus 

4.  Town  Line  (and  Linden)  Brook,  Revere  and  Malden 

5.  Northgate  Area,  Revere 

The  Paint  of  Pines  area  is  not  included  in  Option  1  since  it  has  its 
own  approved  Local  Protection  Plan  and  by  letter  the  city  advised  the 
Corps  it  could  not  be  funded,  thus  it  is  not  likely  to  be  built  in  the 
fixture.  In  the  remaining  two  areas  of  the  Upper  Saugus  River,  (including 
Shute  Brook)  Area  and  the  Estuary  Area,  buildings  and  damages  are  too 
spread  out  along  river  banks  and  roadways  to  warrant  consideration  for  a 
separate  local  protection  plan.  However,  their  buildings  would  be 
evaluated  for  ncnstructural  measures.  Cn  the  Upper  Saugus  River  and  Shute 
Brook,  only  16  buildings  along  2,000  feet  of  riverbank  are  directly 
affected  by  the  100  year  tide  level.  The  remaining  buildings  in  these 
areas  are  above  that  level  with  drainage  or  river  runoff  problems 
influenced  by  high  tides.  During  the  investigation,  the  ccnmittees  and 
general  public  identified  extensive  areas  above  tide  levels  where  damages 
were  made  worse  by  high  tides  causing  drainage  systems  to  backup. 

However,  the  complexity  of  attempting  to  quantify  the  many  problems  was 
beyond  the  scope  and  resources  of  the  study. 

Around  the  estuary,  there  are  about  20  buildings.  Twelve  are  spread 
along  1,500  feet  at  the  cuter  point  of  Oak  Island  and  the  remainder  are 
scattered  around  the  estuary.  Thus,  the  six  geographic  areas  being 
considered  for  LPP's  contain  all  but  about  36  buildings  directly  affected 
try  tidal  flooding.  The  following  section  describes  the  formulation  and 
feasibility  of  the  areas  for  local  protection  plans. 

OPTION  #1  CRITERIA 

Preliminary  Plans  -  Preliminary  level  detail  was  vised  for  the  initial 
screening  of  all  plans.  This  level  of  detail  involved  selecting  a 
representative  section  for  each  reach  of  storefront  and  preparing 
reasonable  designs  to  reduce,  overtopping.  A  contingency  of  generally  25 
to  35  percent  was  used  on  all  cost  estimates.  Ary  recommended  plan  would 
undergo  additional  refinements  in  design  and  the  contingency  would 
generally  be  reduced.  A  wide  variety  of  alternative  and  cost  estimates 
and  benefits  were  developed. 

Design  500  vr  Stillwater  levels:  The  best  available  information  for 
Broad  Sound  and  river  water  levels  were  developed  by  the  Corps'  Waterways 
Experiment  Station  tidal  model  and  were  used  for  the  design  of  dikes  and 
walls.  The  design  500  year  Stillwater  levels  provided  by  the  model  are: 
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500  YR.  gniJMATER  TTTE  LEVELS 

EL  (FTf  F*?VP) 


Broad  Sound  at  Revere  Beach  &  Lynn  Harbor 

Pines  River,  Conflu.  to  B&M  Bridge 
Pines  River,  B&M  to  Rt.  107 
Pines  River,  107  to  both  sides  of  195  fill 
Saugus  River,  Downstream  of  Rt.  107 
Saugus  River,  Upstream  of  Rt.  107 


EL.  11.2  (similar  to 
Boston) 

EL.  11.3 
EL.  11.7 
EL.  11.9 
EL.  11.3 
EL.  11.5 


Height  of  Dikes  and  Walls  -  The  height  for  earthen  dikes  in  coastal  areas 
subject  to  wave  attack  were  based  on  an  analysis  of  wave  run-up 
conditions.  Unless  dikes  are  designed  to  withstand  overtopping,  the  crest 
should  be  set  above  the  level  of  expected  wave  run-up  Around  the  estuary 
shallow  water  waves  generated  under  storm  conditions  could  reach  about  1.5 
feet  in  height  and  could  produce  run-up  of  about  2  feet  above  the  design 
Stillwater  level.  An  additional  3  feet  should  be  added  for  earthen  dikes 
to  account  for  any  uncertainty  in  the  analysis  and  is  recommended  to 
assure  that  significant  wave  overtopping  and  failure  of  the  dike  does  not 
occur.  If  earthen  dikes  are  designed  to  take  seme  wave  overtopping,  a 
crest  height  3  feet  above  design  Stillwater  level  is  appropriate. 

The  height  of  earthen  dikes  located  in  areas  that  cure  not  subject  to 
wave  conditions,  generally  on  the  Saugus  River  above  Route  107,  were  set 
to  account  far  the  uncertainties  of  concurrent  Riverine  flow  with  ocean 
storm  surge  conditions.  A  crest  height  3  feet  above  design  Stillwater 
level  was  used. 

Earthen  dikes  located  in  built  up  areas  that  are  neither  subject  to 
wave  attack  nor  adjacent  riverine  flows  (such  as  areas  subject  to  overland 
flooding)  should  have  crests  set  3  feet  above  design  Stillwater  level  to 
account  for  uncertainties  in  the  method  of  overland  flow  analysis. 

Concrete  walls  in  the  coastal  zone  can  withstand  significant  wave 
overtopping.  Therefore,  due  to  small  waves  in  the  backshore  area,  a  crest 
two  feet  higher  than  design  Stillwater  level  was  used.  In  areas  not 
subject  to  waves,  a  2  foot  increase  above  design  Stillwater  is  appropriate 
to  account  for  uncertainty  in  design  Stillwater  levels. 

Stone  Protection  for  Rartb  njkias  -  Along  the  banks  of  both  the  Pines  and 
Saugus  Rivers  dikes  designs  would  include  stone  protection  to  protect  the 
earth  fill  from  currents  and  wave  action. 

Along  the  marsh  where  dikes  are.  almost  without  exception  within  the 
intertidal  zone,  ground  elevation  at  and  below  EL.  7.5,  they  are  also 
exposed  to  a  shallow  wave.  The  marsh  with  an  elevation  of  about  EL.  5 
would  have  water  depths  of  5  to  6  feet  deep  for  the  500  year  design 
storm.  For  anticipated  wind  velocities,  short  period  "erosive1* 
choppy-type  waves  generally  1  to  1.5  feet  high  would  occur.  For 
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historical  storms,  winds  have  occurred  during  flood  tides  in  the  direction 
of  all  proposed  marsh  dike  alignments.  Besides  the  potential  erosive 
action  of  waves  a  major  consideration  is  the  observed  activity  of  dirt 
bikes  on  the  1-95  fill  and  thus  potential  erosion  on  the  surface. 

All  dikes  exposed  to  the  shallow  wave,  subject  to  frequent  inundation 
and  scour  and  dirt  bike  activity  were  protected  with  a  rock  layer.  This 
would  also  reduce  problems  down  the  road  for  ocDDunities  maintaining 
scoured  sections  of  earth/grass  exposed  dikes.  The  rock  would  provide  a 
higher  level  of  certainty  the  dikes  would  not  fail  in  the  long  term. 

REVERE  BEACH  BACKSHCfRE  I FP 

The  Revere  Beach  Backshore  Area,  shown  on  Plate  R2A  was  divided  into 
subareas  from  1  to  5D  for  evaluating  flood  levels  and  damages,  as 
previously  explained.  The  separate  areas  also  helped  in  determining  the 
economic  feasibility  of  including  them  in  a  separate  plan.  The  shorefront 
is  divided  into  reaches  "A"  through  "K”  for  describing  and  evaluating 
different  types  of  improvements  (e.g. ,  walls,  dikes,  etc.)  which  would 
reduce  overtopping.  The  following  describes  how  plans  were  formulated. 

INITIAL  PLANS  -  A  large  number  of  plans  were  formulated  at  the  start 
of  this  investigation  in  coordination  with  the  MDC  and  the  City  of  Revere 
in  1983  and  84  prior  to  refinement  of  tide  levels  and  remodelling  in 
1985/86.  The  following  summarizes  a  description  of  each  plan  and  net 
benefits  updated  after  tide  levels  were  established  on  the  Saugus  and 
Pines  Rivers.  Table  B-l  summarizes  each  plan,  its  design  storm  level  to 
reduce  overtopping  and  damages  and  their  net  economic  benefits.  A  major 
concern  for  Revere  Beach  is  the  stability  of  the  two  sections  of  beaches 
at  Reaches  A  and  C.  These  two  sections  were  not  overtopped  in  1978  and 
the  analysis  of  wave  run-up  cn  their  existing  beach  surfaces  during  100 
year,  500  year  and  SFN  tide  conditions  showed  their  seawalls  should  not  be 
overtopped.  The  concern  was  whether  the  beach  wr.*ld  erode  in  the  future 
or  during  the  severe  storm  events.  Addendum  3  includes  an  investigation 
on  the  stability  of  Revere  Beach  to  withstand  future  coastal  storms.  It 
discusses  results  of  a  workshop  and  analysis  by  Dr.  W.  Frank  Bchlen, 
Consultant  and  Oceanographer,  Department  of  Marine  Science,  University  of 
Connecticut.  Dr.  Bchlen  had  investigated  Revere  Beach  oceanography  and 
sand  movement  on  several  occasions.  To  summarize, these  two  sections  (A 
and  C)  have  been  stable  since  the  beach  was  first  surveyed  in  1900  and  can 
be  expected  to  remain  stable  in  the  future.  Also  during  the  1978,  100 
year  flood,  there  was  very  little  erosion  of  the  beach  to  affect 
overtopping  due  to  the  low  wave  energy  dissipated  at  these  two  locations. 
Recurring  storms  of  similar  or  greater  magnitude  should  not  result  in 
significant  beach  erosion  or  overtopping. 

Plans  Al  to  A4  included  widening  the  authorized  beach  from  the  50  foot 
berm  width  scheduled  to  be  built  for  the  Revere  Beach  Erosion  Control 
Project.  For  reaches  "B"  and  "D"  the  beach  sections  prone  to  high  wave 
energy  and  erosion,  the  berm  (or  flat  part  of  the  beach  nearly  level  with 
the  Boulevard)  would  need  to  be  about  150  to  250  feet  wide  for  100  year  to 
SFN  protection,  respectively. 
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PLATE  R-2A 


A  "levee"  refers  to  storefront  protection  for  reaches  "E"  to  "J"  along 
the  Pines  River  and  Marsh.  The  lowest  cost  structure  was  used  for  the 
levee  in  evaluating  these  plans  among  the  walls,  dikes,  and  road  and 
railroad  raising  options  considered  separately,  Reach  "G"  used  a  wall  at 
the  guardrail  of  Mills  Avenue  along  the  Pine  River.  Reaches  "F" ,  "H"  and 
"I"  used  earth  dikes  along  the  edge  of  Gilson  Park  (Route  1A  to  the  Pines 
River) ,  along  Route  1A  at  the  riverbank  and  the  old  narrow  gage  R.R.  bed. 
Reaches  "E"  (SIN  only)  and  "J"  used  a  combination  of  walls  and  dikes 
behind  hemes  on  the  Lynnway  and  bordering  the  B&M  R.R.  tracks. 

As  shown  for  the  following  "Initial  Plans",  Plans  A1  and  A2  were  not 
justified.  A3  and  A4  with  a  widened  beach  at  reach  B  at  either  the  100  or 
500  year  level  and  the  levee  were  justified.  The  wall  in  Reach  "K"  to 
step  flooding  from  Suffolk  Downs  was  feu:  too  costly  ccnpared  to  its 
benefits. 

Plans  Bl-3  include  raising  of  a  park  embankment  between  Ocean  Avenue 
and  the  Boulevard  behind  Reach  B  to  stop  water  overtopping  the  seawall 
from  reaching  developed  area.  This  is  also  the  proposed  in  the  Master 
Plan  for  the  Reservation.  The  widened  beach  in  Reach  "D"  was  used  to 
reduce  overtopping  for  the  SIN  event  in  Plan  Bl,  but  was  not  found 
feasible. 


OPTICN  1  -  REVERE  BEACH  BACK3H0RE  LFP 
INITIAL  FLANS 


Plan 

Description 

Level  of 
D^iqn  Sfcpra 

Preliminary 
Net  Economic 
Benefits 

A1 

Beach  @  B&D,  levee,  Wall  @  K 

SIN 

($1, 000/year) 

(-$675) 

A2 

Beach  §  B&D,  Levee 

SEN 

(-$494) 

A3 

Beach  §  B,  levee 

500  yr. 

$271 

A4 

Beach  @  B,  Levee 

500/100  yr. 

$205 

Bl 

Dike  @  B,  Beach  @  D,  Levee 

SEN 

(-$103) 

B2 

Dike  @  B,  Levee 

500  yr. 

$489 

B3 

Dike  §  B,  Levee 

100  yr. 

$426 

C 

Step  Wall  @  B,  Levee 

500  yr. 

(-$970) 

D 

Breakwater  §  B,  Levee 

500  yr. 

(-$1058) 

E 

Revetment  @  B,  Levee 

500  yr. 

(-$167) 

F 

Dike  @  B,  Revetment  @  D,  Levee 

SEN 

(-$182) 

Economic  Comparison  -  A  Plan  B2  was  found  to  produce,  the  highest  net 
economic  benefits  at  the  500  year  level  with  the  dike  at  "B"  and  the  levee 
along  the  river.  The  sn«ll  amount  of  water  estimated  overtopping  reach 
"D"  for  the  100  and  500  year  events  would  cause  very  little  damage  and 
could  be  stored  in  the  ponding  area  between  the  homes  and  Route  1A. 
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Plan  C,  D  and  E  evaluated  other  measures  in  Reach  B  including  a 
stepped  concrete  seawall,  a  breakwater  offshore  and  an  armor  stone 
revetment  to  reduce  overtopping,  however  they  were  not  justified. 

Plan  F  also  looked  at  a  revetment  at  Reach  "0"  which  was  not 
justified. 

The  results  of  the  evaluation  showed  Plans  B2  and  B3  were  the  most 
feasible  and  warranted  additional  technical,  social,  environmental  and 
economic  evaluation. 

initial  Plan  Refinements  -  Plan  B2  was  evaluated  in  more  detail  in 
1984  and  '85  during  development  of  local  protection  plans  for  the  regional 
Study.  The  results  were  provided  for  coordinating  with  the  Citizens 
Steering  oomnittees  and  Technical  Grot?)  in  a  Project  Information  Binder 
along  with  providing  them  all  Project  correspondence.  The  preparation  of 
Plan  B2  at  the  500  year  level  was  evaluated  by  Corps  biologists  and  the 
U.S.  Fish  and  Wildlife  Service.  Ccmnents  were  also  received  from 
ocranunity  officials  and  citizens  along  the  reaches  which  helped  to 
reformulate  the  plan  and  make  them  more  acceptable  (See  Addendum  #1) . 
Adjustments  were  made  in  the  alignments  to  reduce  emironmental  impacts 
and  two  schemes  were  developed  to  compare  economic  costs  versus 
environmental  impacts. 

Option  1A  -  depended  primarily  on  earth  dikes  for  the  Pines  River 
levee,  similar  to  Plan  B2.  It  was  the  lowest  cost  plan,  but  the  dikes 
caused  significant  impacts  on  vegetated  wetlands. 

Option  IB  -  reduced  the  impacts  an  vegetated  wetlands  by  replacing  the 
dikes  with  walls  but  cost  more. 

For  both  options,  features  were  included  to  preserve  a  40  acre  pending 
area  behind  Reach  "D"  with  permanent  easements,  and  to  modify  the  Revere 
beach  Reach  "D"  wall.  The  volume  of  water  overtopping  Reach  "D"  for  the 
500  year  event  was  determined  to  be  greater  than  the  ponding  area  could 
store  without  creating  worse  damages.  Therefore,  the  existing  Revere 
Beach  seawall  in  Reach  "D"  was  raised  two  feet  for  1800  feet  of  wall  and  a 
300  foot  long  revetment  was  added  to  reduce  the  overtopping  at  the  south 
end.  The  plan  still  included  the  park  dike  behind  Reach  B.  Plates  R2 
through  R6  reviewed  by  the  ccranittees  show  the  plan  and  sections  for 
Option  1A.  The  only  differences  in  Option  IB  were  that  dikes  were 
replaced  by  walls  in  Reaches  F,  H,  I,  and  J. 


Initial 

Impacted  Initial 

Vea.  Wetlands  Net  Benefits 

($1000) 


Option  1A  -  primarily  dikes 
(Option  IB  -  primarily  walls 


$  820 
$  650 
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11  Acres 
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In  each  case  the  impacted  vegetated  wetlands  were  half  salt  water 
marsh  and  half  fresh  water  marsh. 

There  was  support  for  a  local  protection  plan  from  the  Revere 
Conservation  Ocmnissicn.  However,  state  and  federal  resouroe  agencies  and 
environmental  interest  groups  were  very  much  concerned  for  the  loss  of 
vegetated  wetlands  fran  either  plan.  The  cost  difference  between  the  two 
plans  was  $1.7  million  higher  for  Option  IB,  excluding  mitigation  costs. 

Initial  Plan  Revised  -  There  was  extensive  public  involvement  which 
followed  with  Federal,  state  and  local  officials  and  the  five  Ccnmittees 
from  October  1985  to  June  1988.  During  that  time  it  became  very  apparent 
that  no  plan  which  significantly  damaged  vegetated  wetlands,  would  be 
totally  supported.  Consequently,  both  plans  were  reviewed  and  costs 
updated  with  some  modifications  to  the  design  of  walls  acocnplished.  The 
addition  to  the  plan  was  a  230  foot  long  revetment  wrapping  around  Carey 
Circle  at  the  north  end  of  the  Revere  Beach  Reservation.  This  revetment 
would  have  been  built  with  the  Point  of  Pines  IPP  had  the  project 
proceeded  to  construction.  Adjustments  were  made  in  the  alignment  of  the 
park  dike  and  a  stone  layer  placed  beneath  the  grassed  slope  to  prevent 
scouring  and  breaching  of  the  dike.  The  cost  estimate  was  also  revised 
for  1988  price  levels,  and  real  estate  values  adjusted.  Contingencies 
were  adjusted  to  reflect  uncertainties  in  design  such  as  unknown 
foundation  conditions,  stability  of  existing  shorefront  structures  and 
future  developments  along  the  Pines  River  which  may  affect  project 
alignments  and  changes  in  designs  and  quantities  of  materials  and  unit 
prices.  Benefits  were  also  updated  and  explained  later.  Since  the  loss 
of  wetlands  can  be  mitigated  at  a  lower  cost,  Option  1A,  primarily  dikes, 
was  selected  over  Option  IB  to  represent  the  local  Protection  Plan  - 
Option  1. 

Plan  Description  -  The  Plan  requires  3.1  miles  of  new  structures  as 
explained  below.  They  would  reduce  flood  damages  to  1,200  buildings,  and 
require  maintenances  of  an  additional  2.4  miles  of  existing  shorefront, 
and  also  provide  for  recreation. 

Reach  "A"  -  The  existing  Revere  Beach  and  seawalls  between  Eliot 
Circle  and  the  Beach  Street  Pavilions  were  not  overtopped  in  1978.  Run-up 
analysis  on  the  beach  and  seawalls  indicate  there  would  be  no  overtopping 
even  for  the  SFN  event,  with  one  foot  of  sea  level  rise.  Historically, 
the  beach  has  been  building  up  over  the  years  and  erosion  is  not  a  problem 
in  this  Crescent  Beach  Area.  Therefore,  no  inprovements  are  required.  It 
is  assumed,  the  Roughans  Point  Project  would  be  built.  It  includes  a 
revetment  at  Eliot  Circle  and  south  along  the  Roughans  Point  shorefront  to 
significantly  reduce  wave  overtopping.  Beach  erosion  at  the  southern  lialf 
of  the  rotary  allowed  overtopping  which  entered  Roughans  Point,  with  very 
little  water  entering  the  Study  Sub-area  #1.  The  revetment  would  reduce 
the  amount  of  water  reaching  Area  #1. 

Reach  "B"  -  Extensive  overtopping  occurs  fran  north  of  Beach  Street  to 
the  Revere  Street  Pavilion  #5  due  to  the  eroded  condition  of  the  beach. 


A-55 


r 


Reaches  "B5"  &  "R7"  -  MDC  Park  Dike  -  Die  most  economically  feasible 
and  acceptable  option  was  raising  the  MDC  park  land  behind  the  wall. 
Reaches  B5  and  B7  are  vacant  park  land  from  Beach  street  to  Revere  Street, 
bounded  by  Ocean  Avenue  and  Revere  Beach  Boulevard,  except  far  the  MDC 
Police  Station  and  bath  house.  Die  Master  Plan  for  the  reservation  also 
includes  raising  the  parkland. 

Diis  feature  called  the  MDC  Park  Dike  would  be  constructed  high  enough 
so  that  water  overtopping  the  existing  seawall  would  flow  back  out  over 
the  wall.  Also  included  is  a  ramp  on  the  Boulevard  at  the  south  aid  of 
the  dike  to  contain  the  water.  Retaining  walls  would  be  built  to  tie  the 
dike  into  each  side  of  the  police  station.  At  the  north  side  of  the 
station,  a  rasp  would  pass  over  the  dike  for  police  access.  Other 
features  included  in  the  Master  Plan  for  safety,  recreation,  aesthetics, 
drainage,  access  to  the  park  and  protection  of  the  anbankment  will  be 
evaluated  during  detailed  planning.  There  are  8.5  acres  of  park  land 
needed  for  this  Federal  Project  that  are  owned  by  the  MDC. 

Reach  "C"  -  Die  existing  Revere  Beach  wall  along  Reach  "C"  also  was 
not  overtopped  in  1978  nor  should  it  be  in  the  vent  of  an  SIN,  with  cne 
foot  of  sea  level  rise.  Historically  the  beach  has  remained  stable  and  no 
change  is  expected.  Die  authorized  project  will  help  to  assure  its 
stability.  No  improvements  are  required  in  the  Reach. 

Reach  "C5B"  -  Die  north  end  of  Reach  "C"  has  eroded  of  a  distance  of 
about  300  feet  probably  due  to  the  concrete  stepped  structures  in  Reach 
Dl.  To  reduce  the  overtopping  in  the  reach  a  wall  2  feet  higher  is  needed 
with  an  armor  stone  revetment  at  the  base  of  the  wall  to  break  waves. 

Reach  "Dl"  -  The  1500  feet  wall  and  concrete  steps  in  this  reach  were 
significantly  overtopped  in  1978.  Raising  the  existing  wall  by  2  feet 
wculd  substantially  reduce  the  overtopping  and  damages  to  hemes  along 
Boulevard  —  provided  that  the  existing  40  acre  pending  area  behind  the 
hemes  is  preserved  for  water  which  would  continue  to  overtop  the  seaw.ai. 

No  improvements  are  required  in  Reach  D2.  Die  authorized  beach 
project  would  help  prevent  deterioration  of  the  beach.  Die  stability  of 
the  walls,  however,  in  Reaches  Dl  and  D2  to  withstand  severe  coastal 
storms  would  require  further  design  evaluation  if  the  project  were 
selected.  Any  failure  of  these  walls  could  cause  catastrophic  flooding 
during  severe  coastal  storms,  since  there  would  be  only  a  limited  amount 
of  storage  between  the  Boulevard  and  the  required  walls  and  dikes  along 
the  Pines  River. 

Reach  "D3"  -  Die  230  foot  stretch  around  the  base  of  the  seawall  at 
Carey  circle  was  significantly  overtopped  in  1978.  Die  water  flowed  south 
along  the  Boulevard,  west  across  North  Shore  Road  and  north  down  the 
Lyrmway.  A  revetment  would  substantially  reduce  this  overtopping. 


A-56 


Ponding  Area  and  Reach  "L" 


To  assure  that  most  of  the  storage  remains  available  in  the  existing 
ponding  area,  strict  wetland  enforcement  would  be  required.  Most  of  the 
pending  area  is  an  existing  ditch  running  between  the  house  lots  and  North 
Shore  Road.  Most  of  the  land  belongs  to  Eastern  Mass.  Electric  Oonpary. 
The  area  runs  about  a  mile  fran  the  Oak  Island  Street  Park  to  properties 
behind  Carey  Circle. 


A  dike  is  required  in  Reach  "L"  to  contain  water  in  the  ponding  area. 
It  runs  along  the  edge  of  the  park  from  North  Shore  Road  to  the  parking 
area  of  the  Revere  House;  a  wall  continues  to  high  ground.  Typical  cross 
sections  are  shown  in  Plate  R4  for  the  Reach  "L"  dike  and  wall,  and  for 
the  location  of  the  ponding  area  in  relation  to  Revere  Beach  and  the  Pines 
River. 


Reach  "E"  -  includes  Lynnway  which  runs  from  Carey  Circle  to  North 
Shore  Road.  Without  the  Point  of  Pines  Project  seme  overtopping  of 
Lynnway  would  occur.  A  100  foot  section  of  wall  and  gated  closure  in 
Reach  E2  will  be  needed  at  the  underpass  of  North  Shore  Road  to  prevent 
water  from  the  Pines  River  from  flowing  into  the  protected  area. 

Reach  "F'  -  includes  a  wall  running  along  the  SE  edge  of  Gibson  Park. 
Structures  from  Reach  "E2"  to  "J2"  are  needed  to  prevent  high  tide  levels 
in  the  Pines  River  from  flawing  into  the  protected  areas. 

Reach  "G"  -  includes  a  wall  running  along  the  edge  of  the  Pines  River 
or  beach  adjacent  to  Mills  Avenue.  Residents  preferred  the  wall  in  lieu 
of  a  dike  to  reduce  the  loss  of  their  beach.  The  low  wall  at  the 
guardrail  has  a  similar  cost  as  a  more  massive  dike. 

Reach  ,rH"  and  "I"  -  run  along  the  edge  of  the  riverbank  and  old 
narrow  gauge  railroad  bed.  A  dike  would  tie  to  high  ground  on  Oak 
Island.  Other  alternatives  included  a  wall  along  the  riverbank,  raising 
one  or  both  lanes  of  North  Shore  Road  and  a  wall  down  the  median  strip  and 
either  side  of  the  road. 

Reach  "J"  -  continues  from  high  ground  cn  Oak  Island  with  a  wall  at 
the  edge  of  the  railroad  right-of-way.  A  closure  is  needed  at  Oak  Island 
Street  for  Reach  "Jl" .  Reach  "J2"  continues  across  the  fresh  water  marsh 
with  a  dike  adjacent  to  the  railroad  embankment,  tying  to  high  ground 
behind  homes  near  Revere  Street.  An  alignment  along  the  North  Shore  Road 
embankment  was  evaluated,  however  it  would  interfere  with  potential 
development  for  the  area.  A  tide  gate  is  included  where  "J2"  crosses  the 
county  ditch  to  Diamond  Creek.  A  wall  was  evaluated  in  Option  IB. 

Reach  "K"  -  The  Revere  Beach  Parkway  is  high  enough  to  prevent  flood 
waters  in  Suffolk  Downs  from  flowing  into  the  area  up  to  a  100  year  1978 
event.  A  tidegate  must  be  included  on  Sales  Creek  where  it  passes  under 
the  Parkway.  This  is  the  highest  level  of  protection  which  could  be 
justified. 
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Mitigation  -  Project  Costs  include  the  mitigation  of  3.9  acres  of 
intertidal  habitat  by  replacing  the  loss  in  kind  by  removal  of  1-95  fill 
far  creating  clam  flats.  The  6.6  acres  of  mitigated  wetland  lost  includes 
removal  of  7.3  acres  of  1-95  fill  to  create  wetlands.  The  acreage 
mitigated  is  10  percent  higher  than  acreage  lost  in  order  to  offset  the 
recovery  time  of  the  wetlands. 

The  plan  also  includes  four  new  gated  closures  and  existing  stop-log 
closures  along  Revere  Beach  for  recreation  access.  Along  the  Pines  River 
three  large  and  several  smaller  sluice  gates  must  be  closed  for  the  plan 
to  function  during  a  storm. 

Project  average  annual  benefits  include  recreation  benefits,  and 
reduction  of:  flood  damages  to  buildings,  storefront  structures  damage, 
damages  from  sea  level  rise,  damages  to  future  development,  emergency 
costs,  flood  insurance  and  other  costs. 


Flood  Damage  Reduction  -  The  project  would  substantially  reduce 
existing  average  annual  damages  to  about  1200  buildings. 

Storefront  damages  -  The  project  would  eliminate  future  replacement 
and  repair  costs  of  existing  storefront  structures  along  the  Pines  River. 
The  reduction  in  the  replacement  and  repair  costs  of  existing  shoreline 
structures  results  from  an  elimination  of  those  structures  (and  future 
costs)  replaced  by  project  features.  Along  the  Pines  River,  walls  would 
eliminate  the  need  to  constantly  maintain  existing  walls  and  rip  rap  or 
shoreline  from  eroding  die  to  coastal  flooding  and  daily  tidal  action. 
New  walls  would  protect  the  shore  in  place  of  existing  shoreline 
structures. 


The  park  dike  would  provide  a  passive  recreation  area  for  an  estimated 
121,000  activity  days  per  year. 

Flood  damage  reduction  due  to  sea  level  rise  is  included  and  is  based 
on  the  future  average  annual  reduction  in  flood  damages  from  a  gradual 
rise  (historical  rate)  in  relative  sea  level.  The  plan  was  optimized  at 
the  100  year  level  of  protection  as  shown  below. 


OPTION  1A 

REVERE  BEACH  BACKSH3RE  LFP 

BENEFITS,  COSTS  AND  ECONOMIC  ANALYSES  -  SLM4AKY  (88,  P.L.) 


PLAN: 

100  vr  500  vr  SFN 


Project  First  Cost  ($1000) 

Project  Benefits  ($1000) 

Project  Average  Annual  Cost  ($1000) 
Net  Benefits  ($1000) 

Benef it-to-Ratio : 


$21,190  $23,620  $26,440 

2,431  2,583  2,639 

2,356  2,620  2,926 

75  -37  -287 

1.03  0.9  0.9 
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ENVIRONMENTAL  IMPACTS 


The  project  would  inpact  on  the  following  acres  of  property: 

Option  1A 
(Acres) 

^Bg-sLiaaj 


Developed  1.0 
Open  Space,  recreation  11.0 
Vegetate  Wetlands  Lost  6.6 
Intertidal  Habitat  Lost  3.9 
Total  Acres  (Excludes  Ponding  Area)  22.5 


The  construction  of  walls  and  dikes  would  affect  significant  resource 
lands  in  the  project  area.  The  most  significant  iirpacts  are: 

Developed  land  -  Included  are  the  wall  alignment  on  Oak  Island,  within 
the  railroad  right-of-way,  and  the  wall  and  dike  in  Reach  L  bordering 
residential  property. 

Open  Space  and  Recreation  -  Construction  of  the  MDC  park  dike  would 
affect  about  9.4  acres  of  land  by  converting  8.5  acres  of  existing 
relatively  unused  parkland  to  much  improved  parkland. 

Gibson  Park  would  be  affected  by  construction  of  a  wall  bordering  the 
park  and  marina. 

Vegetate  Wetlands  Lost  -  The  total  acreage  shewn  results  from 
construction  of  dikes  along  the  Pines  River. 

Intertidal  Habitat  Lost  -  The  inpacts  result  form  oonstruction  of 
Revere  Beach  (Reach  "C5B" ,  "Dl"  and  "D3")  and  along  the  Pines  River  in 
Reaches  "G"  and  ,rH". 

Visual  and  Other  Inpacts  -  Visual  inpacts  can  be  expected  along 
several  of  these  reaches  as  structures  are  four  to  six  feet  above  the 
ground  in  residential  and  commercial  areas,  and  along  Route  1A.  Along 
Revere  Beach  the  raising  of  1800  feet  of  wall  would  restrict  the  view  of 
the  ocean  from  the  Boulevard. 

Noise,  dust  and  other  oonstruction  inpacts  could  affect  the  area 
during  construction. 

HJBLIC  VIEWS  -  The  following  are  comments  received  on  certain  features  of 
the  local  protection  plan. 

.  MDC  and  Revere  officials  agree  on  keeping  the  Master  Plan  in  the 
MDC  Park  area,  that  is,  they  support  the  parkland  dike. 

.  Riverside  residents  interviewed  prefer  walls  along  Mills  Avenue 
rather  than  dikes. 
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.  One  city  official  suggested  that  Reach  "J"  alignment  be  located 
adjacent  to  the  railroad  embankment  as  shown,  rather  than  along 
North  Shore  Road,  due  to  potential  development  in  the  area. 

.  Letters  and  comments  received  fran  most  interests  commenting  on 
the  plans,  preferred  the  Regional  Floodgate  Plan  (Option  3)  rather 
than  Local  Protection  Plans  (Option  1)  due  to: 

.  less  impact  on  the  wetlands 

.  less  impact  on  residential  and  commercial  properties 
.  lower  cost  and  easier  financing  and  implementation  through 
State  assistance. 

cm  OF  LYNN  IPP 

Initial  plans  -  The  coordination  of  plans  in  Lynn  was  acconplished 
with  the  Lynn  citizen  Steering  Committee.  During  the  preparation  of 
initial  plans,  the  Corps  project  manager  also  interviewed  and  diOTicwgri 
alignments  and  future  plans  with  property  owners  along  Lynn  Harbor,  Lynn 
Beach  and  the  Saugus  River.  The  Lynn  local  protection  area  was  divided 
into  flood  zones  1  to  5  and  the  shorefront  into  reaches  A  to  R. 

Plan  Description  -  The  Lynn  LPP  includes  protection  of  about  1200 
residential,  public,  commercial  and  industrial  buildings.  Generally, 
earth  dikes  with  stone  facing,  concrete  or  steel  sheet  pile  walls  or  armor 
stone  revetments  would  be  required  along  4.2  miles  of  Iynn  Harbor,  Lynn 
Beach  and  the  Saugus  River  shorefrcnts  Plates  R-7,  R-8  and  R-9  include 
plans  and  section  for  Option  1A. 

Initial  Lvnn  Harbor  Alignments 

Reaches  "A",  "B" ,  and  "C"  -  include  an  earth  and  stone  face  dike  along 
the  waterside  of  the  existing  Lynn  Harbor  bulkhead.  This  is  a  similar 
feature  to  that  envisioned  for  the  South  Harbor  Development  Plan,  the 
dikes  would  dissipate  wave  action  and  prevent  water  fran  flowing  into  the 
area.  To  reduce  the  impact  on  mudflats  fronting  the  wall,  an  alternate 
alignment  was  considered  which  overlapped  into  the  undeveloped  land. 
However,  the  real  estate  cost  for  the  loss  of  the  undeveloped  land  was 
considerable.  A  steel  sheet  pile  wall  with  a  concrete  cap  would  cost  in 
excess  of  $5  million  more  than  the  dikes. 

Reach  "D"  -  includes  steel  sheet  pile  walls  for  replacing  and/or 
raising  existing  timber,  granite  and  steel  bulkheads  to  reduce  wave 
overtopping.  The  alignment  is  adjacent  to  marine-related  activities.  The 
owners  requested  that  walls  be  used  in  lieu  of  dikes  to  prevent 
eliminating  the  use  of  boat  moorings  and  impacting  navigation  for  existing 
and  future  conditions. 

Reach  "E"  -  includes  an  earth  dike  along  the  shoreline  of  commercial 
and  industrial  lands.  The  owners  indicated  they  may  eventually  develop 
their  properties  to  their  outer  limits.  The  future  status  of  their 
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development  plans  will  be  reviewed  in  the  design  stage  to  determine  if 
there  should  be  ary  change  in  the  alignment. 

Reach  "F"  -  Cnly  tide  gates  were  included  in  this  reach  for  discharge 
outlets.  The  developer  of  the  land  plans  to  raise  the  ground  to  EL.  13 
ft.  NGVD  with  stone  protection  dikes  along  the  shorefrcnt  in  the  near 
future  to  reduce  overtopping. 


Reach  "G"  -  No  inprovemerits  are  required  along  Heritage  Park. 


Initial  Lvnn  Beach  Mignraents  - 

Reach  "H"  -  A  wall  is  shown  to  protect  the  Lynn  Beach/Nahant  Rotary 
area  from  Lynn  Harbor  high  tides.  The  wall  connects  to  high  ground  at  the 
Lyrmway  at  one  end,  and  to  the  walls  along  the  MDC  Lynn  Beach  at  the  east 
end.  A  closure  for  the  opening  at  Nahant  Parkway  may  be  required, 
although  the  road  is  fairly  high  at  the  point  where  the  wall  meets  the 
road. 


Reach  "I"  -  An  armor  stone  revetment  was  formulated  to  reduce  wave 
overtopping  along  the  Lynn  Beach  seawall,  and  reduce  the  rate  of 
deterioration  and  repairs  to  the  MDC  seawall.  The  wall  appears  to  require 
repairs  and  maintenance  similar  to  Revere  Beach  seawalls,  which  are  also 
subject  to  daily  pounding  of  waves.  About  every  20  years  major  repairs 
are  required  for  concrete  walls  along  Revere  Beach.  Reach  I  meets  high 
ground  at  the  north  end  of  Lynn  Beach. 

Initial  saggus.  River  Miqmerte  - 

Reaches  "J",  "K",  and  "L"  -  are  generally  along  the  shorefrcnt  of  the 
General  Electric  Ocnpany.  Combinations  of  walls  and  dikes  would  be  used 
to  prevent  waves  from  overtopping  the  shorefrcnt.  There  are  significant 
costs  associated  with  this  reach  due  to  about  thirty  discharge  pipes 
requiring  gated  openings,  as  well  as  the  walls  being  needed  in  confined 
areas. 

Reaches  "MV  to  "R"  -  generally  follow  the  Saugus  riverbank  with  walls 
and  or  dikes.  It  includes  a  tide  gate  at  the  Strawberry  Brook  outlet 
which  flows  into  the  little  River.  Ocramercial,  residential  and 
condominium  lands  abut  the  alignments. 

The  major  results  of  preliminary  investigation  along  the  Saugus  River 
for  Option  1A  (primarily  dikes)  and  Option  IB,  (primarily  walls)  and  the 
described  shorefrcnt  protection  along  Lynn  harbor  and  Lynn  Beach  areas  are 
shown.  Option  IB  would  have  cost  $1.5  million  more  to  reduce  the  inpact 
on  4  acres  of  wetlands. 
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INITIAL  PLANS  -  500  YEAR 


CPtion  IA 
(Primarily  Dikes) 


Option  IB 
(Primarily  Walls) 


Vegetated  Wetland  Impacted:  6  Acres 

Coastal  Mudflats  &  River  Bank/ 

Bottom  Impacted:  23  Acres 


2  Acres 
17  Acres 


Plan  Net  Benefits:  ($1000)  $1,550 


$1,400 


There  wa s  no  support  for  this  plan  from  city  officials  due  to  the 
impacts  along  the  riverbanks  and  General  Electric  property.  General 
Electric  officials  opposed  the  plan  due  to  the  impacts  it  would  have; 
delaying  their  operation  during  construction  of  tta  walls  and  dikes  and 
especially  the  shutting  down  of  existing  discharge  pipes  during 
construction  of  the  many  tide  gates.  General  Electric  officials  prefer 
the  Regional  Plan  which  would  not  have  significant  impacts  on  their 
operations  during  construction. 

Many  Technical  Group  members  are  strongly  opposed  to  the  Local 
Protection  Plans  due  to  the  potential  impact  on  the  wetlands  and 
disruption  along  the  Saugus  River  shorefront. 

Initial  Plan  -  Revised  -  The  complete  lack  of  support  for  this  plan 
resulted  in  only  a  few  changes,  including  an  update  of  costs,  adjusting 
contingencies  for  uncertainties  in  design,  adding  mitigation  costs, 
completing  an  environmental  assessment,  modification  to  the  Iynn  Harbor 
features,  and  completing  the  benefit  analyses  of  existing  shorefront 
structures  and  sea  level  rise.  Contingencies  were  increased,  for  example, 
due  to  the  construction  of  three  new  oondaninium  developments  along  the 
Saugus  River,  a  future  marina  development  in  Reach  A,  and  costs  to  provide 
water  supply  to  GE  while  walls  and  dikes  are  constructed.  The  following 
additional  changes  have  occurred  in  the  LPP  plan. 

Revised  Lynn  Harbor  Alignments 
Reaches  "A"  to  "D" 


.  no  significant  changes  in  alignments 

.  costs  were  updated,  and  a  detailed  environmental  assessment  and 
shorefront  benefit  analysis  were  accomplished.  Due  to  the  height  of  the 
steel  sheet  pile  wall  fronting  Gloucester  Fish  to  the  inlet,  tie  backs 
were  needed  and  permanent  easements  for  the  real  estate.  Additional 
options  were  investigated  shown  with  the  Selected  Plan,  including  moving 
the  dike  inland  and  replacement  of  the  existing  bulkhead  in  Reaches  "A"  to 
"C  with  a  steel  sheet  pile  wall  to  reduce  the  loss  of  sand  flats.  The 
cost  however,  was  significantly  higher. 
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Reach  "E"  -  The  alignment  was  revised  fear  the  dike  by  moving  it  along 
the  shorefrent  rather  than  locating  it  out  in  the  sand  flats  at  the  edge 
of  the  property  line.  Since  there  are  no  definite  plans  by  property 
owners  and  the  value  of  wetland  read  estate  was  lowered,  the  alignment  was 
changed  to  follow  the  shoreline.  Moving  the  dike  inland  and  wall  options 
were  also  investigated,  but  discarded  due  to  a  higher  cost. 

Reach  "F"  -  The  major  change  in  this  reach  was  to  include  280  feet  of 
shoreline  owned  by  the  city  not  included  in  the  developers  plans. 

Therefore  walls  are  required  to  prevent  overtopping.  The  drainage  in 
Reach  "F"  includes  discharge  pipes  which  drain  both  the  floodplain  area 
and  high  ground  in  the  city.  Reach  MF"  ties  into  high  ground  at  Heritage 
Park,  Reach  "G"  using  a  sandbag  closure  across  the  east  bound  lane  of 
Iymway. 

Lynn  Beach  -  The  Shorefrent  benefit  analysis  was  completed  for 
reducing  damages  to  the  existing  Lynn  Beach  walls  based  on  the  history  of 
repairs  and  replacement  of  the  wall  provided  by  the  MDC.  As  a  result,  the 
flood  damage  reduction  benefits  to  the  25  buildings  protected  plus  the 
shorefrent  benefit  were  insufficient  to  justify  a  federal  component  to  the 
project.  In  June  1987  the  Corps  met  with  the  MDC  and  city  of  Lynn  to 
review  the  results  of  the  analysis.  Protective  measures  for  Lynn  Beach  in 
Reaches  "H"  and  "I"  were  thus  deleted  from  the  plan.  The  MDC  however,  has 
a  proposed  beach  nourishment  project  for  Iynn  Beach  which  would 
significantly  reduce  damages  to  these  properties,  thus  no  additional 
investigations  were  aooonplished. 

Saugus  River  -  Reaches  "J”  to  "R"  -  cost  updates  cn  the  plan  were 
aooonplished  as  well  as  oonpleticn  of  an  environmental  and  shorefrent 
benefit  assessment. 

During  removal  of  two  large  industrial  buildings  in  the  100  year 
floodplain  at  General  Electric  (GE) ,  the  flood  damages  were  reviewed  with 
GE  resulting  in  significant  reduction  in  damages  and  benefits. 

Option  IB,  was  not  investigated  further  due  to  the  $1  million  higher 
cost  of  all  walls  along  the  Saugus  River  compared  to  the  lower  cost  of 
dikes. 

A  separate  LPP  project  to  protect  only  GE  with  walls  surrounding  their 
property  was  also  evaluated.  The  results  showed  the  benefits  nearly 
equaled  the  oosts.  Thus  the  most  feasible  LPP  project  for  Lynn  is  as 
previously  described,  excluding  the  Lynn  Beach  area. 

The  project  first  cost  includes  mitigation  for  creating  14.0  acres  of 
intertidal  clamflats  at  the  1-95  fill  and  another  2.9  acres  (includes  an 
additional  10%}  of  wetlands. 
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cm  OF  LKNN  LFP 

BENEFITS,  POSTS  AND  EOCNCMIC  ANALYSES 
Lsmn  Economic  Sunnary  ($1000) 


PLAN: 

3.QQ  yr 

500  VT 

SIN 

First  Cost 

$30,430 

$32,330 

$34,720 

Average  Annual  Benefits 

2,901 

3,282 

3,499 

Average  Annual  Cost 

2,941 

3,125 

3,356 

Average  Annual  Net  Benefit 

-40 

157 

143 

Benefit-to-Oost  Ratio 

0.9 

1.05 

1.04 

Environmental  Impacts  -  The  following  resource  acreage  is  impacted  by 
construction  of  the  shorefront  structures: 


Impacted  Acreage 

Type  of  Land 

QR&jon-lA 

Developed 

2.0 

Open  Space,  Woodlands 

2.0 

Vegetated  Wetlands  lost 

2.6  (along  the  Saugus  River) 

Intertidal  Habitat  lost 

14.8  (River  and  Harbor) 

Total  Acres 

21.4 

Lvnn  ITP  Concerns  -  Due  to  the  impact  of  construction  activities  along 
General  Electrics'  shore  and  interruption  in  business,  the  plan  would  have 
problems  in  being  implemented.  The  interruptions  might  be  minimized  by 
coordinating  scheduling  of  work,  or  making  up  delays  on  overtime.  It  is 
unknown  whether  a  non  federal  funding  source  could  be  obtained.  The  city 
is  committed  to  making  the  shorefront  accessible  to  the  public  which  would 
help  in  obtaining  state  funds. 

The  technical  feasibility  of  this  plan  functioning  properly  during  a 
storm  is  very  dependent  on  the  closure  of  thirty-five  (35)  sluice  gates 
and  eight  gates  along  walls  and  dikes  needed  for  commercial  and  recreation 
access  to  the  waterfront. 


OPTION  #1  -  EAST  SAUGUS  IPP 


Tnit-ia!  Plana  -  The  East  Saugus  load  protection  area  shewn  on  Plate  RIO 
is  divided  into  reaches  of  shorefront  from  A  to  F.  Preliminary  plans 
formulated  to  reduce  overtopping  for  the  500  year  storm  included  both 
walls  and  dikes  along  the  shorefront.  In  addition  to  the  alignments 
shown,  other  alignments  were  also  evaluated  including  walls  all  along  the 
Saugus  River  from  the  GE  pipe  line  opposite  KESOD  to  Lincoln  St.  Bridge. 
The  high  cost  of  the  walls  to  protect  areas  along  Rt.  107  and  Ballard 
Street  to  Eastern  Avenue  in  crapa  risen  to  the  damages  prevented  were  not 
economically  justified. 

The  preliminary  plans  coordinated  with  the  Permittees  and  Technical 
Groups  included  both  Option  1A  (primarily  dikes)  and  Option  IB  (primarily 
walls) .  Option  1A  plans  and  profiles  are  shown  on  Plates  RIO  and  Rll. 

The  suninary  of  these  plans  were: 


Option  1A  option  IB 

Project  Net  Benefits  $160,000  (-$685,000) 

Vegetated  Wetlands  Impacted  13  Acres  5  Acres 

Option  1A  was  strongly  opposed  by  most  Technical  Group  members  due  to 
its  impact  on  wetlands.  The  Saugus  Citizen  Steering  Ccnmittee  opposed 
Option  1  since  the  cost  of  both  plans  were  prohibitive  to  Saugus  and 
especially  because  heic^rt  of  walls  and  dikes  around  the  neighborhoods 
would  make  the  plan  objectionable. 

Revised  Plan  -  Option  1A  and  IB  were  reviewed  to  reduce  the  impact  on 
wetlands  when  revised  real  estate  values  showed  that  the  impact  on  real 
estate  of  underdeveloped  lots  in  the  marsh  was  considerably  less  than 
originally  estimated.  Walls  were  then  located  near  the  edge  of  developed 
lots  for  Option  IB,  rather  than  detour  around  these  underdeveloped  lots 
through  the  marsh.  Also  the  costs  for  the  plan  were  updated  and 
contingencies  adjusted  for  uncertainties  in  design. 

Also,  Saugus  in  establishing  a  position  on  the  removal  of  the  1-95 
land  fill  made  it  very  clear  that  the  material  can  not  be  vised  or  lowered 
near  the  residential  area,  ("Reach  B")  since  it  provided  a  buffer  against 
the  noise,  sight  and  other  problems  from  Route  107  and  RESOO.  There  is  a 
possibility  the  1-95  parcels  in  Reach  B  could  be  turned  back  to  the 
original  land  owners.  If  this  occurred  and  the  sand  removed  costs  for 
this  plan  would  significantly  increase. 

The  cost  of  a  dike  along  Reach  B  was  therefore  deleted  from  both 
Options.  Reach  B  therefore  includes  the  existing  1-95  fill.  Concrete  "I" 
walls  in  Reaches  "A",  and  "C"  to  "F"  tying  into  the  1-95  fill  were  used 
for  the  Option  1  plan.  Benefits  and  costs  were  also  updated  or 
completed.  In  the  end  Option  IB  would  cost  about  $700,000  more  than 
Option  1A.  Option  1A  therefore  is  used  to  represent  the  IPP  Option  1. 

Plan  Description  -  The  East  Saugus  IPP,  Option  LA,  would  protect  about  550 
residential  public,  and  cxxmercial  buildings.  Walls  bordering  marshland, 
the  Pines  River,  open  areas  and  roadways  are  included  for  the  protection 
(Plate  R-10) . 
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PLATE  R-10 
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PLATE  R-ll 


Reach  "A"  -  includes  a  dike  with  stone  facing  which  borders  along  the 
edge  of  properties. 

Reach  "B"  -  includes  the  state's  1-95  embankment  and  right-of-way.  A 
tide  gate  is  included  at  the  north  end  of  the  embankment  for  the  existing 
drainage  ditch. 

An  alternate,  but  not  justified,  alignment  includes  Reach  "A"  tying 
into  high  ground  opposite  Rt.  107.  A  wall  along  the  river  about  1,000 
feet  downstream  of  Rt.  107  would  then  join  the  high  ground  to  Reach  "D". 
This  alignment  would  have  protected  businesses  along  Ballard  Street  in 
Zone  IB  but  was  not  economically  justified. 

Another  alignment  considered  walls  of  dikes  along  the  edge  of  Eastern 
Ave.  Obstruction,  however,  would  adversely  inpact  developable  land  along 
the  road  resulting  in  high  real  estate  costs,  which  were  not  economically 
justified. 

Reach  "C"  -  includes  an  I -wall  along  Ballard  Street  and  the  bank  of 
the  Pines  river.  Gated  openings  would  be  provided  for  the  public  boat 
ranp  and  access  required  by  others  to  the  river.  A  ranp  on  Ballard  Street 
is  included. 

Reach  "D"  -  includes  an  I-wall  along  the  bank  of  the  Pines  River. 

Gated  openings  would  be  provided  for  the  public  boat  ranp  and  access 
required  by  others  to  the  river. 

Reach  "E"  and  "F"  -  includes  a  stole  faced  dike  along  the  riverbank 
and  a  wall  inland  to  high  ground. 

Mitigation  -  The  1-95  fill  would  be  removed  to  mitigate  lasses,  clamflats 
would  be  created  for  1.5  acres,  and  8.1  acres  (includes  10%)  of  wetlands 
would  be  created.  Costs  are  included  in  the  project  first  cost. 

An  alternate  alignment  included  extending  walls  and  dikes  along  the 
edge  of  the  river  to  high  ground  in  the  vicinity  of  the  Lincoln  St.  Bridge 
to  protect  Zone  1C.  This  extension  was  not  economically  justified. 


EAST  SAUGUS 

EODNCMTC  SUMMARY 

rsioom 

100  vr 

500  vr _ 

SRI 

First  Cost 

$10,170 

$10,890 

$11,610 

Average  Annual  Benefit 

1,123 

$  1,209 

$  1,245 

Average  Annual  Cost 

1,006 

1,073 

1,139 

Average  Annual  Met  Benefits 

117 

136 

106 

Benefit-to-Cost  Ratio 


1.12 


1.13 


1.09 


Environmental  Inpacts  -  The  following  types  of  land  were  impacted  by  the 
plan: 

East  Saugus 
Impacted  Acreage 


Developed 

1.0 

Open  Space 

- 

Vegetated  Wetlands  Lost 

7.4 

Intertidal  Habitat  Lost 

1^5 

Total 

9.9 

A  significant  adverse  inpact  is  the  five  to  seven  foot  height  of  walls 
and  dikes  along  the  residential  areas  for  the  500  year  plan.  A  100  year 
plan  to  provide  protection  against  a  recurring  1978  storm  would  only  lower 
walls  and  dikes  about  one  foot. 

Oonoems  -  The  Federal  cost  of  IPP  plans  would  be  65%.  The  ncn-federal 
cost  is  35%  less  a  credit  for  the  value  of  real  estate.  The  town  of 
Saugus  would  have  considerable  problems  meeting  this  requirement. 

The  Citizen  Steering  Committee  voiced  strong  opposition  to  the  plan 
and  it  is  not  supported  by  the  town.  The  problem  of  financing  the 
ncn-federal  cost  and  height  of  walls  were  cited  as  major  reasons  for 
abjection  to  it.  In  addition  there  was  a  very  strong  preference  for 
option  3,  the  Regional  Plan. 

The  technical  feasibility  of  this  plan  functioning  properly  during  a 
storm  is  dependent  on  closing  of  14  -  swing  gates  along  the  dikes  and 
walls  for  commercial  access,  as  well  as  closure  of  two  large  sluice  gates 
and  several  smaller  ones. 

TCWN  LINE  BROOK  LOCAL  EROIECTION  PLAN 

Plan  Description  -  The  Town  Line  Brook  IPP  includes  protection  for  about 
1000  homes  and  businesses  in  the  Town  Line  and  Linden  Brook  watersheds  of 
Revere  and  Malden.  The  MDC  currently  has  plans  to  construct  shoreline 
iirprovements,  a  punping  station  and  interior  drainage  improvements.  MDC 
officials  expect  the  shoreline  would  be  raised  to  provide  100  year  level 
of  protection  from  high  tides,  if  the  Regional  Plan  is  not  built. 

Only  shorefront  inprovements  related  to  high  tides  are  addressed  in 
this  study.  Costs  of  these  inprovements  could  be  eliminated  under  the 
Regional  Plan,  Option  3.  Depending  an  the  timing  of  MDC  and  Corps 
projects,  these  features  nay  become  an  alternative  to  the  Regional  Plan. 
Plates  R-12  and  R-13  include  the  Cption  1A  plan  and  sections.  The  cost 
and  ervircnmental  savings  for  this  LPP  would  provide  a  comparable  estimate 
to  Option  3.  The  following  features  are  either  needed  by  the  IPP  for 
storm  tides  or  could  be  eliminated  by  Cpticn  3: 

Reach  "A"  -  The  road  surface  of  Copeland  Circle  is  high  enough  to 
prevent  overtopping.  Only  a  tide  gate  on  the  existing  culvert  would 
likely  be  needed. 
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ELEVATION  IN  FEET  <NGV.O) 
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NOTES- 

/.  TOP  ELEVATION  SHOULD  BE  INCREASED  TO 
ie.3  WHERE  DIKE  CROSSES  MARSH  AREAS. 
2.  DUMPED  SPAVEL  FILL  ONLY  REQUIRED  IN 
MARSH  AREAS. 
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~  TOWN  LINE  BROOK 


TOWN  LINE  BROOK 
AND 

NORTHGATE  AREA 
LOCAL  PROTECTION  PLANS 
OPTION  I 
SECTIONS 

OECEMSER  1966 


PLATE  R-13 


Reach  "B11  -  Route  U.S.  1  drops  in  elevation  in  the  vicinity  of  the  MDC 
tide  gates.  A  gravity  wall  for  a  500  year  design  along  the  riverside  of 
the  guardrail  would  be  required  to  reduce  overtopping.  The  need  for 
frequently  replacing  the  six  large  MDC  tide  gates  Mould  be  reduced. 

The  100  year  level  of  protection  requires  the  tide  gates  be  maintained; 
however,  the  gravity  wall  would  not  likely  be  constructed. 

Reach  "C*1  -  A  dike  for  Cpticn  1A  would  run  parallel  along  the  edge  of 
the  existing  MDC  dike  and  railroad  embankment  to  prevent  tides  from 
overtopping  into  the  area.  A  gated  access  is  included  in  the  vicinity  of 
this  existing  dike  and  roadway  for  access  to  the  tide  gates.  Option  IB 
used  a  wall  along  the  top  of  the  railroad  embankment  which  impacted  the 
wetlands. 

Mitigation  -  Project  First  Cost  includes  the  mitigation  of  1.1  acres 
of  vegetated  wetlands  by  creating  1.2  acres  (includes  10%)  of  vegetated 
wetlands  by  removal  of  the  1-95  fill. 

if  its.  Costs  and  Economic  Analyse  - 

For  purposes  of  ocnparing  benefits  and  costs  to  the  Regional  Plan, 
benefits  are  made  equal  to  the  annual  project  cost. 


TOWN  LINE  BROOK 


:c  svmw 


10 Q  YEAR 

First  Cost  $800,000 

Average  Annual  Benefits  $  78,000 

Average  Annual  Costs  $  78,000 

Average  Annual  Net  Benefits  0 

Benef its-to-Cost  Ratio  1 


Environmental  Impacts  -  the  following  resource  acreage  would  be  impacted 
by  construction: 

TYP3  <?f  taTtf  IMPACT  ACREAGE 

Potion  1A 
(acres) 


Open  Space  1.0 

Vegetated  Wetlands  lost  l.i 

Total  Acreage  2.1 
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The  wall  in  Peach  C  would  impact  about  an  acre  of  open  space  along  the 
railroad  and  dike  embankments,  then  replaced  by  walls,  only  a  small 
impact  an  open  space  results.  (Pounding  to  the  nearest  acre  fails  to  show 
the  change  in  open  space  impacted) . 

Other  Impacts  -  There  would  be  sane  construction  impact  on  the  adjacent 
quarry  operations  to  the  west  of  the  railroad  embankment. 

Public  Views  -  Malden  officials  have  expressed  a  preference  for  the 
Regional  Plan.  MDC  officials  prefer  the  Regional  Plan. 

Implementation  -  Implementation  of  this  plan  is  currently  planned  as  part 
of  the  MDC's  project. 

OPTION  1  -  NCKIHGAIE  AREA  IPP 

Plan  Description  -  Several  alignments  for  dikes  and  walls  were 
investigated  to  protect  the  residents  and  businesses  southeast  of  the 
Northgate  Shopping  Center  bordering  the  marsh.  Plates  R-13  and  R-14  show 
typical  sections  and  alignments  considered. 


BENEFITS.  COSTS  AND  ECONOMIC  ANALYSES 

Option  1A 


Project  First  Cost  ($1000) : 

Reach  A  only 

$  662 

100 

$2260 

Rea<3i  A  & 
500 
$2516 

3 

SFN 

$2790 

Benefits  ($1000): 

$  31 

38 

45 

47 

Average  Annual  Project  Cost  ($1000) 

$  .6$ 

$  214 

$  ZV 

$  256 

Net  Benefits  ($1000) 

$  “34  $ 

i-  176 

$-192 

$-209 

Benefit-to-Oost  Ratio: 

0.5  to  1.0 

0.1 

0.1 

0.1 

Since  a  plan  is  not  justified  no  additional  plans  or  impacts  were 
investigated. 

Public  Views  -  Residents  are  very  interested  in  flood  protection. 

OPTION  1  SUMMARY 

Local  Protection  Plans  were  investigated  for  five  of  the  eight 
geographic  areas  and  four  demonstrated  potential  economic  feasibility. 

Each  plan  is  summarized  in  the  Main  Report  with  the  level  of  protection 
which  produced  the  highest  net  economic  benefits.  The  following 
summarizes  the  openings  with  required  closures  to  assure  flooding  does  not 
enter  through  the  line  of  protection. 
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PLATE  R-14 


OPENINGS  &  CLOSURES 


Saugus 

Lynn 

RBB 

TIB 


18  NEW 
43  NEW 
10+  NEW 
_7  NEW 

78  gates  and  closures 
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OPTION  2  -  NCNSTTOCIURAL  PLANS 

Description  -  Nonstructural  plans  include,  for  example, 
floodproofing  and  flocdwaming  measures  which  reduce  flood  damages  to 
individual  buildings.  They  include  Structure  Raising,  Utility  Cells, 
Utility  Roans,  and  Closures  for  doors,  windows  or  other  openings. 

The  measures  would  reduce  the  vulnerability  to  flooding  by  alerting 
residents  to  move  property  above  flood  levels  and  evacuate  the  area. 
Floodproofing  may  be  feasible  for  a  limited  number  of  buildings. 

The  results  in  Revere,  Lynn  and  East  Saugus  were  that  only  a  very 
limited  number  of  buildings  demonstrated  sufficient  benefits  to  equal 
or  exceed  the  costs  for  flood  proofing.  Out  of  2100  homes  surveyed 
in  the  100  year  (i.e.,  1978)  floodplain,  only  171  were  potential 
candidates  for  hone  raising  or  8%.  Out  of  585  commercial  and  public 
buildings  68  or  12%  were  estimated  to  be  candidates  for  Closures.  In 
the  100  year  floodplain  a  total  of  about  240  buildings  could  be 
floodproofed  or  raised  out  of  2685  investigated  or  9  percent.  In  the 
SFN  floodplain  this  equals  a  total  of  7  percent.  (See  Table  81 . 
Addendum  6  includes  additional  information  an  nonstructural  methods. 

In  addition  to  home  raising  and  flood  proofing,  the  nonstructural 
plan  also  includes: 

.  assurance  from  the  state  and  oorraunities  that  existing 

floodplain  management  laws  would  be  publicized  each  year  and 
strictly  enforced.  This  would  reduce  damages  to  future 
construction. 

Alternatives  -  The  feasibility  of  Utility  Cells  and  Utility  Rooms 
was  also  investigated,  however  these  measures  were  not  as  cost 
effective  as  raising  homes  which  not  only  protects  utilities  but  also 
prevents  flooding  of  first  floors  for  comparable  floods.  As 
discussed  under  Management  Measures  the  following  measures,  alone  - 
would  not  significantly  reduce  flood  damages  in  the  study  area: 

Flood  Insurance,  Floodplain  Regulations,  and  Flood  Warning  and 
Evacuation.  They  are  however  required  in  combination  with  all 
plans.  Acquisition  of  floodplain  land  is  discussed  in  a  following 
section. 


BENEFITS  ■  COSTS  AND 


ANALYSES 


Project  First  Cost  $  7.4 

Flood  Damage  Reduction  Benefits  ($1000)  $  1370 

Average  Annual  Project  Costs  ($1000) :  $  670 

Net  Benefits  ($1000) :  $  700 

Benef it- to-Cost  Ratio:  2.0  to 


million 


1.0 
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TABLE  8 


sm  -  onra*  2 


LOCATION 


BUILDINGS  IN 
100  YR.  FLOODPLAIN 


PCR  BUILDINGS  ESTIMATED 
WITH  FEASIBLE  MEASURES 


FIRST  PNG.  ANN.  PNG.  ANN  BENEFIT 


NET 


FEASIBLE 

TOTAL 

POST 

COST 

HWJKKrBS 

TO-CDST 

BPNEKnS 

% 

Number 

Number 

($1000) 

($1000) 

($1000) 

Ratio 

($1000) 

LYNN 

Residents 

8 

28 

370 

$  900 

$  80 

$  230 

2.9 

$  150 

Ncn  Res. 

12 

5Q 

420 

950 

_ 2Q 

155 

1x2 

_ 75 

TOTAL 

10 

78 

790 

$1850 

$  160 

385 

2.4 

$  225 

E.SAUGUS* 

Residents 

13 

69 

525 

$2424 

$  220 

$  465 

2.1 

$  245 

Ncn  Res. 

1Z 

_4 

-25 

_ 2Q 

_ 2 

—12 

1x2 

_ 4 

TOTAL 

13 

73 

550 

$2504 

$  228 

$  477 

2.1 

$  249 

REVERE* 

Residents 

6 

74 

1205 

$2830 

$  257 

$  471 

1.8 

$  214 

Ncn  Res. 

IQ 

14 

— 14 

250 

_ 22 

S..4Q 

1x2 

—12 

TOTAL 

7 

88 

1349 

$3080 

$  279 

$  511 

1.8 

$  232 

TOTALS 

Residents 

8 

171 

2100 

Nan  Res. 

12 

£2 

585 

Grand 

J2 

239 

2685 

$2414 

$_£2 2 

$1223 

2xQ 

$_ZQ£ 

Total 

Say: 

9 

240 

2685 

$7400 

$  670 

$1370 

2.0 

$  700 

FEASIBLE 

TOTAL 

LYNN 

6% 

78 

1240 

E.  SAUGUS 

12% 

73 

600 

REVERE 

JJ 

22 

1850 

TOTAL 

7% 

239 

3650 

*  Revere  includes  Revere  Beach  Backshore,  Point  of  Pines  and  North  Gate, 
but  not  Town  Line  BK. 

*  East  Saugus  does  not  include  the  Upper  Saugus  River  &  Shuts  BK. 

Malden  is  also  not  included,  due  to  current  design  underway  for  the  MDC 
Town  Line  &  Linden  Brooks  project. 
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Envirorroerrhai  Tnparrt-*;  -  inpacts  would  result  to  individual  property  owners 
as  their  buildings,  yards  or  properties  are  modified  for  floodproofing. 

Public  Views  -  Local  ocranunities  have  not  indicated  an  interest  in  this 
option.  The  State's  Executive  Office  of  Environmental  Affairs  has 
indicated  an  interest  to  investigate  the  option,  since  it  would  have 
negligible  inpacts  on  the  environment. 

Flood  Proofing  Analysis  -  The  analysis  for  flood  proofing  homes  and 
businesses  was  accomplished  by  performing  detailed  damage  surveys  of  the 
Revere  Beach  Backshore  area  and  developing  both  the  benefits  and  costs  for 
about  1200  buildings  in  the  SIN  floodplain.  The  results  of  raising 
buildings,  flood  proofing  than,  using  utility  cells  or  rooms  was  completed 
prior  to  the  start  of  the  Regional  Study.  The  results  in  Revere  were 
reported  to  the  Steering  Qmmittees.  Only  8  percent  of  the  buildings  in 
the  100  year  floodplain  or  5  percent  in  the  SIN  floodplain  demonstrated 
feasibility  for  flood  proofing  at  that  time.  Raising  homes  proved  more 
cost  effective  than  utility  cells  or  utility  rooms  for  homes.  For 
ccranercial  buildings  flood  proofing  foundations  and  closures  for  openings 
was  the  most  effective.  Revere  Beach  Backshore  was  reported  as  being  the 
most  feasible  location  for  raising  hemes  or  flood  proofing  due  to  its 
higher  depths  and  frequency  of  flooding  ccnpared  to  the  other  locations  in 
the  study  area. 

The  Citizen  Steering  Ccranittee's  in  the  coranunities  did  not  support  or 
were  even  interested  in  the  nonstructural  approach  since  it  would  not 
provide  a  hic^i  degree  of  flood  protection  to  their  ccmnunities.  As  a 
result  no  additional  nonstructural  investigations  were  planned.  The 
analysis  used  to  develop  the  nonstructural  benefits  was  very  labor 
intensive. 

During  coordination  with  the  Technical  Group,  several  state  agencies 
requested  that  the  nonstructural  analysis  be  completed  for  the  remaining 
areas.  The  effort  required  to  modify  the  computer  program  and  develop  a 
data  base  for  a  similar  analysis  as  Revere  Backshore7 s  would  have  been 
very  labor  intensive  and  estimated  to  cost  in  excess  of  $20,000.  Funds 
were  not  available,  nor  was  the  expenditure  warranted  in  light  of  the 
complete  lack  of  support  for  the  analysis  by  the  oenraunities,  so  an 
alternate  method  was  used.  The  Point  of  Pines'  analysis  held  previously 
been  accomplished  during  its  investigations.  The  remaining  areas  of  Lynn, 
East  Saugus  and  North  Gate  were  accomplished  under  an  alternate  method. 


An  analysis  of  the  cost  of  raising  hemes  was  available  in  a  FEMA  1986 
publication,  "Floodproofing  Non-Res iderrt ial  Structures."  The  analysis  for 
raising  buildings,  applicable  to  residential  structures  as  well,  required 
only  the  type  of  building,  square  footage  of  the  first  floor  and  height  to 
be  raised.  The  topographic  maps  (with  first  floor  survey  data)  were  used 
to  obtain  the  elevation  of  first  floors  and  square  footage.  The  height  to 
be  raised  was  developed  from  the  flood  elevations  developed  for  each  area 
and  first  floors.  The  type  of  building  and  address  was  available  from 
damage  surveys.  Tcpo  maps  with  addresses  on  each  building  had  also  been 
prepared  during  the  damage  surveys.  Only  those  buildings  whose  first 
floors  would  have  one  foot  or  more  water  above  the  first  floor  for  the  100 
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year  floodplain  were  analyzed  since  raising  a  structure  less  than  one  foot 
was  assumed  not  practical  or  cost  effective  in  the  vast  majority  of 
cases.  In  seme  cases  where  there  are  finished  basements  and  with  living 
quarters,  raising  may  prove  cost  effective  with  less  than  one  foot  of 
water  above  the  first  floor.  Due  to  the  limited  number  of  these 
situations  found  in  Revere,  the  above  criteria  for  initial  screening  of 
buildings  was  used  to  complete  the  planning  analysis  for  the  study  area. 

The  analysis  was  first  run  for  the  Revere  Beach  Backshore  area  (Table 
9)  comparing  annual  benefits  to  the  annual  cost  of  raising.  The  results 
were  that  62  hemes  were  candidates  for  raising,  slightly  higher  than  the 
46  homes  initially  estimated.  A  review  of  the  Revere  results  showed  that 
far  a  particular  type  of  home  their  benefits  were  generally  at  least  $4000 
to  $5000.  With  an  average  depth  of  flood  water  of  2  feet  above  the  first 
floor. 

A  benefit  to  reasonably  represent  each  type  of  home  was  therefore 
selected  from  the  Revere  results.  The  "selected  annual  benefit"  was  then 
used  for  the  feasibility  analysis  in  other  area.  The  resulting  "total 
benefit"  of  feasible  buildings  in  each  area  was  increased  to  more 
accurately  reflect  total  benefits  since  the  "selected  annual  benefit"  was 
lower  than  the  Revere  average.  The  cost  of  raising  buildings  in  all  three 
communities  were  computed  on  a  building  by  building  basis. 

The  results  of  raising  homes  in  the  Revere,  Lynn  and  East  Saugus  areas 
are  shown  on  Tables  9,  10  and  11.  Tb  determine  the  estimated  number  of 
ooranercial  buildings  in  Lynn  and  Saugus  which  would  likely  be  candidates 
for  flood  proofing,  the  results  of  the  building  by  building  detailed 
analysis  in  Revere  was  used.  The  Iynn  and  Saugus  commercial  buildings  are 
an  estimate  based  on  a  similar  percentage  of  feasible  buildings  found  in 
Revere. 

Since  the  average  depth  of  flood  water,  or  average  height  buildings 
would  be  raised,  in  Saugus  and  Lynn  was  only  1.67  feet  ccnpared  to 
Revere' s  4.2  feet,  their  benefits  are  probably  over  estimated  as  well  as 
the  number  of  potentially  feasible  raised  buildings,  nevertheless,  the 
results  of  the  nonstructural  analysis  provides  an  indication  of  the 
feasibility  of  nonstructural  flood  proofing  in  the  study  area. 

Public  Acquisition  of  Flood  Plain  land  -  Public  control  over  the  flood 
plain  my  be  obtained  by  purchasing  the  title  or  seme  lesser  rights  such 
as  development  or  public  access  rights.  Acquisition  of  the  title  is 
better  suited  for  undeveloped  or  sparsely  developed  land  in  the  flood 
plain.  It  is  a  very  desirable  means,  however,  of  protecting  and/or 
providing  for  environmental  and  wiiilife  protection,  public  open  space  and 
recreation  or  other  purposes. 

The  acquisition  cost  of  residential  properties,  in  the  100  year 
floodplains  of  Revere  Beach  Backshore  (698  buildings) ,  Point  of  Pines 
(357) ,  Northgate  (50) ,  Lynn  (370)  and  East  Saugus  (525)  are  included  in 
this  analysis.  The  acquisition  cost  for  these  2000  residential  properties 
would  be  about  $300,000,000  bases  on  an  average  fair  market  value  in  the 
area  of  $150,000  per  home. 


Since  ccmnercial  and  industrial  (C/I)  land  use  in  the  100  year 
floodplain  is  450  acres  with  an  average  fair  market  value  of  about 
$1,300,000  per  acre,  the  additional  acquisition  cost  for  C/I  property 
would  likely  exceed  $600,000,000. 

The  total  estimated  acquisition  cost  of  residential,  ccranercial  and 
industrial  properties  in  the  100  year  floodplain  would  be  $900  million,  or 
about  $1  billion.  Other  alternatives  being  considered  are  far  less 
expensive  while  providing  a  comparable  level  of  protection. 

Also  see  Addendum  5  for  additional  information  on  Jknstructural 
Methods. 
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TABLE  9 


*US£  WISING 


PROJECT:  REVERE  BEACH  BACKSHORE  AREA 

0 rrmt  20  City  £M  Cort  Indn:  4474  a  of  N*v  98 

Currtnt  9F  Indo:  119.3  u  ot  (toy  96 

Entr  I  Continqwciti:  25 

Enter  UUm»:  2 

Intmt  During*  Construction  Bum  an  8  S/81  *ar  <  Ptriad  of  4  North*.  (1.042) 
Cioital  Rkovwv  BmM  »  4  30  yr.  Porioo.  1.08745) 


TMLE  1:  STRUCTURE  TYPES 


Hood  F.-am  Smelt  Story,  Urrfinuhtd  Unfit  11 

None  F rut  Singlt  Story,  Finitiwd  Bmmk  12 

frick  or  ftnanry  Singl*  Story,  IWimohoe  BAMMnt  2 

Brick  or  Unary  Sinqlt  Story,  Finitfwd  BAMMnt  22 

Smalt  Story  SlJft-orrGrad*  30 

Mood  Prut  T«a  story,  UttimtfwO  SifWtnt  31 

•doc  Frt«  Tin  Story,  Finiihrt  toifnt.  32 


100  YR.  FLOOD  PROTECHW 


ADDRESS 

STRUCTURE 

TYPE 

(11-32) 

FLOOR 

AREA 

Of.) 

FIRST 

FLOOR 

EL£V. 

HT.  TO 
RAISE 
BLDG. 

FIRST 

COST 

AWRABE 

MMML 

COST 

AAfRABE 

MMML 

BBCFIT 

ICT 

BENEFIT 

BCR 

35  Eliot  Rd. 

30 

1,300 

4.2 

2.9 

154,455 

<5,174 

<4,784 

W389) 

0.92 

SO  Anion  St. 

11 

1,800 

4.2 

2.9 

Ml  ,572 

<3.797 

M.774 

<977 

1.24 

:  Pxt*'  *«. 

21 

1,900 

4,5 

2.4 

<54,555 

<5,145 

<4,197 

<1,032 

1.20 

4  Portw  *»». 

11 

1,200 

4.4 

2.5 

<27,713 

<2.531 

<5,428 

<2.897 

2.14 

M  Eliot  Rd. 

30 

750 

4.2 

2.9 

<28,328 

<2,587 

<7,517 

<4,930 

2.91 

48  NnanMt  St. 

30 

1,400 

4.1 

7.3 

<53,929 

M,923 

<4.220 

<1.295 

1.24 

73  Dunn  Rd. 

30 

900 

5.2 

4.2 

<34,278 

<3,131 

M.25B 

<1.127 

1.34 

31  Moanatt  St. 

30 

900 

4.3 

4.9 

<34,278 

<3.131 

<5,340 

<2.229 

1.71 

2  SMMort  St. 

30 

1.500 

5 

4.4 

<57,131 

<5.218 

<5,842 

<424 

1.12 

1M  Stotaar*  ST. 

30 

1,300 

3.4 

4 

<49,513 

<4,522 

<5.340 

<838 

1.19 

44  Shiiaut  ST. 

30 

1,100 

3.4 

4 

Ml, 894 

<3,824 

<5.340 

<1.533 

1.40 

43  »Mit  St. 

30 

900 

5 

4.4 

<34.278 

<3,131 

<5,520 

<2.390 

1.74 

112  S^uori  St. 

31 

1,300 

7,8 

3.4 

<49,101 

M.4G4 

M,«44 

«20l 

1.00 

42  Arams  St. 

32 

1,100 

4.1 

4.4 

Ml  ,894 

<3,824 

<8,550 

M.724 

2.23 

8  NHwnwt  St. 

30 

800 

5.2 

4.2 

<30,470 

<2,783 

<5,532 

<2.749 

1.99 

82  SjqjMrt  St. 

30 

1,300 

4.9 

4.5 

<49,513 

<4,522 

<8.539 

M.017 

1.89 

20  1/2  Dm  Rd. 

32 

900 

7.2 

4.2 

<33,993 

<3,105 

<4,935 

<1.830 

1.59 

19  Nooamtt  St. 

31 

1,800 

5.1 

4.3 

<48,557 

<4,241 

<4.932 

<471 

l.’l 

70  Nnanftt  St. 

31 

2,000 

4.4 

4.B 

<74,174 

<4,957 

<7,322 

<345 

1.0. 

TABLE  9:  (to  «J  'O 


V* 


57  SiMut  St. 

51 

1,200 

3.2 

8.2 

*46,225 

*4,222 

*19,051 

*14,830 

4.51 

38  Siauaut  St. 

51 

1,000 

4.2 

7.2 

138,521 

*3,518 

*13,497 

*9,978 

3.84 

49  Shaaait  St. 

51 

600 

5.6 

5.8 

*22,852 

*2,087 

(6.243 

*4,156 

2.99 

62  9>a«ut  St. 

51 

700 

4.7 

6.7 

*26,661 

*2,435 

*8,917 

*6,482 

3.66 

46  Arcadia  St. 

12 

600 

4.9 

3.4 

*13,857 

(1,266 

(6,863 

*5,597 

5.42 

21  Larinq  St. 

12 

900 

3.9 

4.4 

*20,786 

*1,898 

*5,991 

*4,092 

3.16 

54  Arcadia  St. 

52 

900 

6.8 

1.5 

*3,216 

*2,760 

*4,556 

*1,797 

1.65 

22  Bavarly  St. 

32 

1,000 

7.5 

1 

*37,77 P 

(3,43 

*4,648 

(1,198 

1.35 

56  Ellarta)  St. 

52 

900 

5.5 

2.8 

*3,216 

*2,760 

*5,497 

*2,738 

1.99 

52  Qlartan  St. 

52 

900 

5.8 

2.5 

*53,993 

(3,105 

*5,027 

(1,922 

1.62 

22  lairanca  Ad. 

52 

900 

5.4 

2.9 

*3,216 

*2,760 

*6,737 

*3,977 

2.44 

S5  Bay  M. 

50 

1,700 

4.1 

4.2 

<64,209 

*5,864 

*6,622 

*758 

1.13 

14  Bay  Ad. 

31 

1,100 

4.9 

3.4 

*41,547 

*3,795 

*4,625 

1851 

1.22 

3  Bay  Ad. 

31 

1,000 

4.4 

3.9 

*57,770 

(3,43 

*7,942 

*4,492 

2.30 

99  Q 1 art an  St. 

31 

1,200 

4 

4.3 

*45,324 

*4,140 

*9,652 

*5.512 

2.53 

19  lariiiq  St. 

31 

1,000 

5.8 

2.5 

*57,770 

(3,43 

*4,671 

*1,221 

1.35 

56  Saar*  St. 

31 

900 

5.3 

3 

*53.993 

(3,105 

*9,445 

(6.341 

3.04 

61  Arcadia  St. 

32 

1,200 

4.8 

3.5 

*45,524 

(4,140 

18,080 

*3,940 

1.95 

71  Arcadia  St. 

32 

2,400 

5.6 

2.7 

*90,6*9 

*8,279 

*7,976 

1*3031 

0.96 

27  Arqyla  St. 

32 

1,300 

5.3 

3 

*49,101 

(4,484 

(10,891 

(6,407 

2.43 

52  Ellarton  St. 

52 

1,200 

4.2 

4.1 

(45,524 

*4,140 

*9,790 

*5,650 

2.36 

14  York  St. 

31 

1,900 

6.4 

1.9 

(67,986 

(6,209 

(5,256 

1*9531 

0.85 

3  Sara  St. 

3 

2,100 

4.3 

4 

*79,318 

*7,244 

(10.63 

(3,406 

1.47 

430  Ravara  Saadi  81 vd. 

11 

1,200 

4.7 

3 

*27,715 

(2,531 

*11,901 

*9,570 

4.70 

57  Oak  Island  St. 

52 

1,500 

7.3 

0.4 

(100,000 

*9,153 

*10,409 

*1,276 

1.14 

532R  Aavara  Bdi.  81  /d. 

3 

600 

7.6 

1.9 

(22,662 

*100,000 

*2,070 

*9,153 

*9,044 

*6,974 

4.57 

45  Eliot  M. 

3 

900 

8.4 

0 

(100,000 

*9.133 

*4,086 

1*5,0471 

0.45 

55  Eliot  Ad. 

3 

1,100 

8.6 

0 

1100,000 

*9,153 

*3,517 

1*5,816) 

0.56 

15  Standi tii  Ad. 

3 

900 

8.9 

0 

<100,000 

*9,153 

*3,615 

1*5,518) 

0.40 

54  Aqauaa  St. 

12 

700 

4.6 

6.9 

(16.389 

*1,497 

*4,017 

(2.520 

2.68 

16  Dunn  Ad. 

12 

600 

5.1 

6.3 

*14,048 

(1.283 

(3,558 

*2.275 

2.77 

a  Shaaaut  St. 

52 

900 

6 

5.4 

*3,470 

*2,783 

(5.31 

*798 

1.29 

68R  Nnonaat  St. 

3 

500 

6.2 

5.2 

*11, 4a 

*1,044 

*3,477 

*2,434 

3.33 

115  Saqaaora  St. 

3 

1,000 

5.6 

5.8 

*38,087 

*5,479 

*3,477 

1*11 

1.00 

47  Shaaaut  St. 

3 

900 

4.7 

6.7 

*3,470 

(2,783 

*3,271 

*488 

1.18 

29  Staaait  St. 

3 

1,500 

6.7 

4.7 

(56,655 

*5,174 

*3.409 

1*1,766) 

0.66 

48  Shaaut  St. 

3 

900 

7.8 

3.6 

*3.216 

*2,760 

*3,868 

*1,108 

1.40 

951  Saoaava  St. 

52 

900 

8.2 

3.2 

*55.995 

(3,105 

*3,604 

*499 

1.16 

97R  Saqaaora  St. 

52 

600 

9.6 

2.8 

*22.662 

*2.070 

*3,604 

*1,534 

1.74 

52  Siamit  St. 

52 

800 

8.5 

2.9 

*3,216 

*2.760 

*3.340 

tSBO 

1.21 

1  Aqauaa  St. 

3 

1,600 

4.6 

6.8 

*60,939 

*5.566 

*3,282 

1(2,283) 

0.59 

77  Dum  St. 

3 

900 

9.8 

2.6 

*3,216 

*2,760 

*3.546 

*787 

1.29 

55  Shaaait  St. 

3 

2,100 

6.8 

4.6 

*79,318 

*7,244 

*3.741 

1*3.503) 

0,52 

7  Naoonaat  St. 

52 

900 

7.2 

4.2 

*55.995 

(3,105 

*5,317 

*212 

1.07 

76  Saqaaora  St. 

31 

1,100 

9.3 

2.1 

*41,547 

*3,795 

*3,409 

1*386) 

0.90 

95  Saoaaort  St 

31 

1,000 

9.6 

1.8 

*37,  no 

(3,43 

*3.076 

1*574) 

0.89 

51  Aqauaa  St. 

31 

900 

5.7 

5.7 

*34,278 

*3,131 

(3,604 

*473 

1.15 

62  Naoonaat  St. 

31 

1,100 

5.8 

5.6 

*41,896 

(3,826 

*4,969 

*1.143 

1.30 

47  fr-ytiit  St. 

31 

1,200 

11 

0 

*100,000 

*9,153 

*3,914 

1*5,220) 

0.43 

5  Arcadia  St. 

3 

700 

5.7 

2.6 

(26.459 

*2,415 

*3,397 

*982 

1.41 

84  Arcadia  St. 

3 

1,500 

4.3 

4 

*56,655 

*5,174 

(3,615 

1*1,559) 

0.70 

15  York  St. 

12 

1,100 

4.6 

3.7 

(25,405 

*2,520 

*3,982 

(1,662 

1.72 

3  Arcadia  St. 

31 

1,300 

9.1 

0 

(100,000 

*9,153 

*3,868 

1(5,265) 

0.42 

6  Laaranct  St. 

3 

600 

5.5 

2.8 

*22,662 

*2.070 

*3,397 

*1.327 

1.64 

55  Ell  art on  St. 

32 

2,200 

9.7 

0 

*100,000 

*9,153 

*3,53 

1*5,805) 

0.56 

TA&LE  9  :  Re  2/ 


14  Clixtoi  A). 

32 

700 

8.4 

0 

*100.000 

(4,133 

*3.444 

1(3.438) 

0.40 

9*  ftrctdu  St. 

32 

1,000 

*.3 

2 

*37,770 

(3,430 

(3,4*4 

(1* 

1.00 

%  man t  St. 

32 

1,000 

5.7 

2.4 

*37,770 

(3,430 

(3,444 

(1* 

1.00 

15  Orgylt  St. 

32 

700 

4.4 

1.7 

(2*. 434 

(2,413 

(3.420 

*1,005 

1.42 

14  i*r*nct  St. 

30 

*00 

3.7 

2.4 

*22,4*2 

*2.070 

*3,347 

*1,327 

1.44 

24  (rtrt  i  St. 

30 

800 

5 

3.3 

*30.214 

(2,740 

*3,402 

(1.142 

1.41 

3  14-9/1  •  St. 

30 

1,400 

*.2 

2.1 

152. STS 

*4, S3? 

*3,42! 

(14041 

0.81 

328  taflrt  Sen.  ilvO. 

31 

1,200 

14.1 

0 

(100.000 

*4,133 

(3,413 

1(3.518) 

0.40 

18  i«r«c*  St. 

31 

800 

7.* 

0.7 

(100,000 

(4,133 

(3,438 

1*5,445) 

0.40 

372  Arwt  SOi.  11*. 

31 

2,300 

.*.3 

0 

(100.000 

*4,133 

(3.344 

1*5,544) 

0.34 

784  North  Sun  M. 

32 

700 

4.3 

0 

(100,000 

*4,133 

(4, *23 

1(4,308) 

0.51 

41  0t*  Island  St. 

31 

1,300 

11.4 

0 

(100.000 

(4,133 

*3.404 

1*5,725) 

0.37 

21  Rivtr 

30 

2,300 

12.4 

0 

(100,000 

(4,133 

(4,200 

1*4,433) 

0.44 

Tottl  f«-  ill**.  mtli  89  >•  1 


of  11  dp*,  utii  89  >*  1 


Avg.  Might  to  fUlM  81*.  nth  B  >■!  4.24 


(2,311,088  1211.075  *380,574  *1*4.305  1.80 


HOT E :  Actual 
Gert£F/rs  f  3c  P  s 
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TABLE  10 


fuxc  proofing  pu* 

ICUSE  AAISIW 

mniHiiiniinmii 

WaUETT:  SBC  Smjqis 


EAST  SAUGUS 


TML£  ii  STROK  TYfES 


Hood  Fr*p*  Single  Story.  Urfiftitfwd  ItMMRt 

11 

Hood  Fr*at  Sinqit  Story,  FiniHd  OiiHtnt 

12 

ft-ick  c r  HMoriry  Singlt  Story,  Urrfinifhfd  Dliwont 

21 

Brick  or  B»»onry  Single  Story,  FiniMd  Dlieeent 

22 

Single  Story  Sl*bi-Gr»de 

30 

Hood  Friee  Tao  Story,  IMwilad  lawaent 

31 

Hood  FrMO  Tmo  Story,  Fiiurted  limit 

32 

100  ffi.  LEVEL  OF  PR07ECTII* 


MORESS 

STRUCTURE 

T9FE 

(11-32) 

FUXK 

MCA 

(»(.) 

FIRST 

FLOOR 

ELEV. 

HT.  TO 
RAISE 

ILK. 

FIRST 

COST 

AVERAGE 

NMML 

COST 

mbb 

SR 

mm, 

BOCFIT 

*T 
TO  IT 

ICR 

11  Soane rr  Ay*. 

31 

1.230 

9.3 

1.7 

147,213 

(4,312 

*4,300 

(188 

1.04 

IB  Spancar  kit. 

32 

730 

9.3 

1.3 

S28.32B 

*2.387 

(4.000 

*1,413 

1.33 

18  Ritter  St. 

31 

1,000  . 

8.5 

2.3 

*37,770 

*3,430 

*4,300 

(1.050 

1.30 

20  Hilton  St. 

31 

700 

9.3 

1.7 

*26,439 

(2.413 

*4,300 

*2,085 

1.86 

26  1*1  lid  St. 

31 

730 

9.6 

1.4 

*28,328 

*2.387 

*4,300 

*1,913 

1.74 

28  B*Uid  St. 

31 

900 

9.6 

1.4 

*33,993 

(3,103 

*4,300 

*1,395 

1.43 

30  1*1  lid  St. 

21 

1,000 

9.7 

1.3 

*29,766 

*2.719 

*4,000 

*1,281 

1.47 

32  ItUld  St. 

31 

1,000 

9.8 

1.2 

*37,770 

*3,450 

(4,300 

*1,030 

1.30 

38  8*1  lid  St. 

31 

900 

9.9 

1.1 

(J3.993 

*3,105 

*4,500 

*1,395 

1.45 

40  8*1  lid  St. 

31 

1,000 

10 

1 

*37,770 

*3,430 

*4,300 

*1.050 

1.30 

^38  1*1  lid  St. 

31 

1,330 

9.9 

1.1 

*50,990 

*4,657 

(4,300 

(*137) 

0.97 

14  Spiei  A**. 

31 

1,000 

9.6 

1.4 

*37,770 

*3.430 

*4,300 

*  1,080 

1.30 

49  |*1  lid  St. 

31 

750 

9.9 

1.1 

*28,328 

*2,3B7 

(4,300 

*1,913 

1.74 

33  Bdlird  St. 

31 

900 

10 

1 

*33,993 

(3.105 

*4.500 

*1,395 

1.43 

31  8*1  lid  St. 

31 

630 

9.9 

1.1 

*24.351 

*2.242 

*4,500 

*2,238 

2.01 

27  B*llid  St. 

31 

900 

9.S 

1.2 

*33.993 

*3.105 

(4,300 

*1.395 

1.43 

vjj  id  no  St. 

31 

1,600 

9.7 

1.3 

*60.432 

*3.519 

*4,500 

<*1,019) 

0.82 

^  19  8*1  lid  St. 

31 

1,800 

9.6 

1.4 

(67,986 

*6,209 

*4,300 

1*1,709) 

0.72 

23  Hiry  St, 

32 

1,200 

8.3 

2.4 

(43,324 

*4,140 

(4,000 

(*140) 

0.97 

TABLE  JO-  SAUGUS  Co»i;n«eJ 


21  Htnry  St. 

31 

1,200 

8.8 

1.4 

443, B4 

M.140 

M.300 

4360 

1.04 

17  t*nry  St. 

2 

1,000 

4.6 

1.1 

437,770 

43,430 

M.000 

4330 

1.16 

a  suut  at. 

31 

400 

4.1 

1.4 

133,443 

43,105 

M.SOO 

41,343 

1.45 

Z  Dustin  St. 

31 

1,100 

4.4 

1.3 

441.347 

43,743 

M.300 

4705 

1.14 

27  Dustin  St. 

B 

1,000 

9 

1.7 

437,770 

43,430 

M,000 

490 

1.16 

*24  Dustin  St. 

B 

1,200 

4 

1.7 

443.B4 

M,  140 

M.OOO 

(4140) 

0.47 

'3  E^strrt  St. 

B 

1,700 

8.8 

1.4 

464,204 

43.8*4 

M.OOO 

141.864) 

0.68 

a  Dustin  St. 

31 

1,200 

4 

1.7 

S43.B4 

M,140 

44,500 

4360 

1.04 

a  Dustin  St. 

31 

1,200 

8.6 

2.1 

443, E4 

M.140 

M.300 

1360 

1.04 

2*  Dustin  St. 

31 

900 

9.6 

1.1 

433,443 

43,103 

M.SOO 

41.343 

1.43 

2  Dustin  St. 

31 

1,030 

9.4 

1.1 

434,634 

43,62 

M.500 

4878 

1.24 

a  ifcctford  St. 

31 

1,000 

8.9 

1.8 

137,770 

43,430 

M.300 

41,030 

1.30 

VO  McttarS  St. 

2 

1,400 

9.6 

1.1 

447,626 

M.330 

M,000 

1(3301 

0.42 

v 4  Wtium  St. 

2 

1,300 

4.3 

1.4 

444.644 

M.07B 

M.OOO 

1(781 

0.48 

'  43  Sstino  Uiy 

2 

1,300 

9.6 

1.1 

444,649 

M.078 

M,000 

1(78) 

0.48 

'  2  Ssbino  Itav 

S 

1,30 

4.7 

1 

447,213 

M.312 

M,000 

1(3121 

0.43 

V48  Ssbino  Sty 

S 

1,330 

4.1 

1.4 

438.344 

43.347 

M.OOO 

1(1.347) 

0.73 

2  Ssbino  Uty 

30 

1,330 

8.4 

1.8 

430,440 

M.637 

43,000 

(343 

1.07 

v  61  NtlltMd  St. 

B 

1,200 

8.4 

1.8 

M3.T24 

44,!  S'1 

M.OOO 

(4140> 

0.47 

v«:  Htistsss  st. 

B 

1,300 

7.7 

3 

436,633 

43,174 

M,000 

1(1,174) 

0.77 

VS3  HslstNd  St. 

31 

1,600 

7., 

13 

460.4B 

43.519 

M.SOO 

1(1.019) 

0.C 

*7  Hslstbtd  St. 

30 

1.230 

8.1 

2.6 

447,213 

M.312 

43,000 

(681 

1.16 

62  HslstSbS  St. 

31 

1.130 

4.2 

t.S 

443,436 

43.467 

M.SOO 

(333 

1.13 

8  Hsrsss  M. 

B 

400 

7.7 

3 

433.44! 

43.103 

M,000 

(843 

1.24 

4  lUrsss  M. 

B 

400 

7.2 

13 

433.443 

43,103 

M.OOO 

1843 

1.24 

s  3  nrsss  M. 

2 

1.600 

8.2 

2.3 

447,626 

M.330 

M.OOO 

1(330) 

0.42 

7  ntr«ss  M. 

31 

1.000 

8.1 

2.6 

437.770 

43,430 

M.SOO 

(1.030 

1.30 

»  11  lUrsst  M. 

21 

1,300 

8.3 

2.4 

444,644 

M.07B 

M,000 

1478) 

0.48 

acr«. 

B 

1,100 

9.3 

1.2 

441.547 

43,743 

M.OOO 

(203 

1.05 

24  Csrr  W. 

B 

1,000 

4.3 

1.2 

437.770 

43.430 

M.OOO 

4330 

1.16 

r2J>  Pmall  >. 

B 

1,730 

4.4 

1.1 

466.048 

46.037 

M,000 

1(2,037) 

0.66 

-24  Small  Or. 

B 

1,800 

9.6 

l.l 

467.486 

46,204 

M.OOO 

1(2,204) 

0.64 

'72  Ps*usll  Or. 

B 

1,330 

4.3 

1.2 

438.344 

43.347 

M.OOO 

1(1,347) 

0.73 

.  30  Pmall  Or. 

B 

1,200 

8.6 

2.1 

443, B4 

M.140 

M.OOO 

1(140) 

0.47 

.  18  Pmall  Or. 

B 

2.800 

7.3 

12 

4105.737 

44,634 

M.OOO 

1(3.634) 

0.41 

'  1A  Pmall  Or. 

B 

1,300 

7.3 

12 

436.633 

43.174 

M.OOO 

1(1.174) 

0.77 

-  14  Prasll  Or. 

B 

1,730 

8 

2.7 

466.048 

46,057 

M,000 

1(2.057) 

0.66 

'  12  Pmall  Or. 

30 

2,100 

8.7 

2 

474,318 

47.2M 

13,000 

l(2,2M) 

0.64 

'  10  Pmall  Dr. 

B 

1.730  . 

9 

1.7 

466.048 

46.037 

M.OOO 

(42,057) 

0.66 

.  8  Pmall  Or. 

B 

1,300 

'  4.2 

1.3 

436.635 

43,174 

M.OOO 

(41,174) 

0.77 

Z  Prnall  &•. 

B 

1,100 

7.2 

3.3 

Ml. 347 

43.745 

M.OOO 

4208 

1.03 

21  Pmall  Or. 

B 

1,100 

7.1 

16 

Ml  ,547 

43,745 

M.OOO 

(203 

1.03 

*  14  Prnall  Or. 

B 

1,230 

4.7 

4 

M7.213 

M.312 

M.OOO 

1(312) 

0.43 

-17  Prnall  Or. 

B 

1,200 

8.4 

1.8 

M3.B4 

M.140 

M.OOO 

(4140) 

0.47 

13  Pmall  Or. 

B 

1,000 

4.3 

1.4 

437,770 

43,430 

M.OOO 

(330 

1.16 

11  Pmall  Or. 

B 

700 

4.3 

1.2 

426,434 

42.415 

M.OOO 

(1.383 

1.66 

^  4  Pmall  Or. 

B 

1,230 

4.4 

1.3 

M7.213 

M.312 

M.OOO 

(4312) 

0.45 

-  2  Sstss  «. 

B 

1,300 

8.1 

2.6 

436,635 

43.174 

M,000 

(41.174) 

0.77 

47  Sstss  M. 

31 

800 

7.3 

12 

430.216 

42.760 

M.SOO 

(1.740 

1.63 

34  Sstss  W. 

2 

1,030 

8.3 

2.2 

431,234 

42.854 

M,000 

41.146 

1.40 

Z  Sstss  M. 

31 

400 

4.2 

1.3 

433.443 

43,103 

M.SOO 

41.343 

1.43 

4  Sstss  84. 

B 

400 

4.7 

1 

433,443 

43,103 

M.OOO 

ms 

1.24 

18  Sstss  M. 

31 

400 

8.4 

1.8 

433,443 

43.103 

M.SOO 

41.345 

1.43 

a  Sstss  84. 

B 

400 

8.4 

1.8 

433,443 

43,105 

M.OOO 

(845 

1.24 

'  2  Sstss  84. 

31 

1,630 

8.3 

2.4 

462, Bt 

43.642 

M.SOO 

(41.142) 

0.74 

34  Sstss  84. 

2 

400 

8.8 

1.4 

426,784 

42.  M7 

M.OOO 

41,333 

1.63 

X/2 


3 


TABLE  /o:  SAU $u£  Centred  3>/2 


3*  btit  to. 

a 

900 

8.9 

1.8 

*26,719 

(2,447 

(4,000 

(1,353 

1.63 

40  6<tn  to. 

a 

650 

9 

1.7 

(24,551 

(2,242 

(4,000 

*1,758 

1.78 

.  44  S*ttt  Rd. 

a 

1,500 

9.2 

1.5 

*56,655 

(5,174 

(4,000 

(*1,1741 

0.77 

48  Bttts  to. 

a 

1,200 

9.4 

1.3 

*35,719 

Q, 262 

(4,000 

(738 

1.23 

11  Build  to. 

a 

1,100 

9 

1.7 

*41,547 

0,795 

(4,000 

(205 

1.05 

17  Suild  M. 

a 

1,050 

9 

1.7 

*31,254 

(2,854 

*4,000 

(1,146 

1.40 

19  Build  to. 

31 

1,000 

9 

1.7 

*37,770 

0,450 

(4,500 

(1,000 

1.30 

22  Build  to. 

a 

1,050 

9 

1.7 

(31,254 

*2,854 

(4,000 

*1,146 

1.40 

23  Build  to. 

a 

900 

9 

1.7 

*33,993 

0,105 

(4,000 

(895 

1.29 

24  Build  M. 

31 

750 

9 

1.7 

(28,328 

12-987 

*4,500 

*1,913 

1.74 

.  2*  Build  to. 

a 

1,650 

9 

1.7 

(62,321 

*£*92 

(4,000 

(tl,«92> 

0.70 

,  30  Build  to. 

a 

2,250 

9 

1.7 

(64,983 

(7,762 

*4,000 

((3,762) 

0.32 

-  31  Build  to. 

a 

1,600 

9 

1.7 

(47,626 

*4,350 

(4,000 

((3301 

0.92 

7  lirmtU  St. 

31 

1,250 

9.4 

1.1 

*47,213 

*4,312 

(4,500 

(188 

1.04 

25  BnOivim  St. 

a 

1,100 

9.2 

1.3 

*41,547 

0,795 

(4,000 

(205 

1.05 

7  Btlur  St. 

it 

1,150 

8.6 

1.9 

(26,560 

(2,426 

(4,000 

*1,374 

1.63 

✓  19  fttln  Avt. 

a 

2,200 

9.4 

1.1 

(83,095 

(7,389 

*4,000 

((3,389) 

0.53 

3  tool**  St.") 

a 

550 

9.3 

1.2 

*20,774 

*1,897 

(4,000 

(2,103 

2.11 

26  Nwln  St. 

a 

800 

9.5 

1 

*30,216 

(2,760 

(4,000 

(1,240 

1.93 

-•23  Sttqrit  Avt. 

a 

1,250 

8.7 

1.8 

*47,213 

(4,312 

14,000 

((312) 

0.93 

2  Sttqrit  Avt. 

a 

1,300 

8.8 

1.7 

(38,696 

0,334 

(4,000 

(466 

1.13 

■'75  Sttqrit  Avt. 

a 

1,500 

6.9 

3.6 

*56,655 

0,174 

*4,000 

(*1,174) 

0.77 

'  43  Sttqrit  Avt. 

a 

2,100 

9 

1.5 

*79,318 

*7,244 

*4,000 

(*3,244) 

0.35 

S3  Sttqrit  Avt. 

a 

800 

8.9 

1.6 

123,813 

(2,175 

14,000 

*1,825 

1.84 

'  S  Sttqrit  Avt. 

a 

1,900 

8.7 

1.8 

(71,763 

(6,354 

(4,000 

((2,554) 

0.61 

-  *4  Sttqrit  Avt. 

a 

1,500 

9.1 

1.4 

(56,655 

0,174 

(4,000 

(*1,174) 

0.77 

42  Sttqrit  Avt. 

a 

1.650 

7.8 

2.7 

*62.321 

0.692 

(4.000 

((1.692) 

0170 

34  Sttqrit  Avt. 

a 

1,350 

B 

2.5 

*50,990 

*4,637 

(4,000 

((637) 

0.86 

32  Sttqrit  Avt. 

a 

1,350 

8.3 

2.2 

*50,990 

*4,637 

(4,000 

((657) 

0.86 

a  Sttqrit  Avt. 

31 

2,400 

8.4 

2.1 

*90,649 

*8,279 

*4,500 

(*3,7791 

0.34 

-  a  Sttgrit  Avt. 

a 

3,500 

8.8 

1.7 

<ia,196 

*12,074 

*4,000 

(18,074) 

0.33 

18  Sttgrit  Avt. 

a 

600 

9.2 

1.3 

*a,**2 

*2,070 

(4,000 

*1,930 

1.93 

14  Sttqrit  Avt. 

a 

1,600 

8.4 

2.1 

too, *a 

0,319 

(4,000 

(*1,319) 

0.72 

12  Sttqrit  Avt. 

a 

600 

8.6 

1.9 

*a,  662 

*2,070 

(4,000 

*1,930 

1.93 

B  Sttqrit  Avt. 

a 

1,250 

8.6 

1.9 

*37,207 

0,398 

*4,000 

(602 

1.18 

19  Vmict  Avt. 

30 

1,250 

9 

1.5 

*47,  M3 

(4,312 

(5,000 

(688 

1.16 

21  Vtnict  Avt. 

a 

1,500 

8.9 

1.6 

(56,655 

0,174 

*4,000 

(*1,174) 

0.77 

-  a  Vtnict  tot. 

30 

2,000 

8.6 

1.9 

(75,541 

*6,899 

(5,000 

(*1,899) 

0.72 

a  Vtnict  Avt. 

a 

2,000 

8.6 

1.9 

*75.541 

(6,899 

*4,000 

(*2,899) 

0.38 

29  tonict  tot. 

a 

1,350 

8.7 

1.8 

*50,990 

(4,637 

*4,000 

((637) 

0.86 

31  Vtnict  Avt. 

a 

BOO 

8.4 

2.1 

*30,216 

*2,760 

(4,000 

*1.240 

1.45 

-  33  Vtnict  tot. 

a 

1,350 

8.4 

2.1 

*50,990 

*4,637 

(4,000 

(*637) 

0.86 

*  a  Vtnict  Avt. 

30 

1,500 

8.8 

1.7 

(56,655 

0,174 

*3,000 

(*174) 

0.97 

30  Bristol  St. 

a 

1,600 

9.5 

1 

(60,4a 

0,519 

*4,000 

(*1,519) 

0.72 

11  Bristol  St. 

21 

1,500 

9.1 

1.4 

(44,649 

(4,078 

*4,000 

((71) 

0.98 

65  Bristo*  St. 

a 

1,300 

9.2 

1.3 

(67,986 

(6,209 

*4,000 

((2,209) 

0.64 

a  Bristol  St. 

a 

1,000 

9.4 

1.1 

(29,766 

*2,719 

(4,000 

(1,281 

1.47 

✓  60  fristot  St. 

30 

1,500 

9.2 

1.3 

(56,635 

0,174 

(5,000 

(*174) 

0.97 

66  Bristol  St. 

a 

300 

9.2 

1.3 

*30,216 

(2,760 

(4,000 

(1.240 

1.45 

72  Bristol  St. 

30 

1,350 

9.2 

1.3 

(50,990 

*4,657 

(5,000 

(343 

1.07 

82  Bristol  St. 

31 

950 

9.2 

1.3 

*35,882 

O.Z77 

(4,500 

(1,223 

1.37 

fotii  tor  Bldgs.  nth  BCR  >*  1  12(423,370  1221.348 

UMr  o*  Bldgs.  nth  KR  >■  1  69 

Avq.  Hnght  to  Rum  BIB;,  nth  BCR  >«1  1.67 

Adjust*)  Omuii  Bnwfit  V  BCR  :  *4*5,410  2.10 


TABLE  11 


FLOOD  PROXI*  FUN 
HOUSE  RAISINS 


L¥NN 


PROJECT:  SEX  L*nr 


TRALE  l:  STMJCTJ*  TYPE 


Naas  Frias  Singlt  Stsry,  Mini  Ms  lasassnt  11 

Naad  Frio*  Sinqli  Stsry,  FintMS  Imsant  12 

ft-ick  or  Nisanry  Sinql*  Story,  Mini  MS  llisnant  21 

fric»  <r  HHanrv  Sinql*  Story,  FiniMS  lnmnt  22 

Sin?lf  Stsry  Slst-aw-Sr«S»  SO 

Noos  Frias  Tad  Story,  MiniMS  lusssnt  31 

Naas  Frias  ta  Story,  FimshaS  Imaait  32 


too  «.  lexl  of  prothtion 


ADDRESS 

STRUCT!* 

TWE 

(11-321 

floor 

AREA 

(*«.» 

FIRST 

FLOOR 

ELEV. 

Iff.  TO 
RAISE 
US. 

FIRST 

COST 

AMUL 

COST 

SELECTED 

msun, 

8EXFIT 

XT 

8EXFIT 

Ut 

30-32  Nortai  St. 

31 

1,130 

10.4 

* 

(43.436 

(3.867 

(4.300 

(333 

1.13 

33  Norton  St. 

a 

730 

10.2 

2.2 

(28.328 

(2.387 

(4.300 

(1,813 

1.74 

28  Vimua  St. 

a 

1,050 

10.7 

1.7 

(38.638 

(3,622 

(4.300 

(878 

1.24 

30  vimua  St. 

a 

1,100 

10.8 

1.6 

(41.347 

(3.783 

(4,300 

(705 

1.18 

11  A*v  St. 

31 

1,600 

11.4 

1 

(60,432 

(3.518 

(4,300 

((1,0181 

0.82 

81  ugnt  St. 

a 

600 

11 

1.4 

(22.662 

(2,070 

(4,300 

(2,430 

2.17 

83  Ugnt  St. 

a 

700 

10.8 

1.6 

(26.438 

(2,413 

(4,300 

(2,085 

1.86 

82  Ught  St. 

a 

830 

8.8 

2.5 

(35.882 

(3,277 

(4.300 

(1,23 

1.37 

30  N.  Motuns  St. 

a 

1,130 

11.4 

1 

(43.436 

(3,867 

(4,300 

(333 

1.13 

26  RicmtS  St. 

31 

830 

8.6 

2.8 

(32.105 

(2.832 

(4,300 

(1,368 

1.33 

8-11  Elmos  Ays. 

31 

600 

11 

1.4 

(22.662 

(2.070 

(4,300 

(2,430 

2.17 

4«  Elmos  Ays. 

a 

730 

II. 4 

1 

(28.328 

(2.387 

(4,300 

(1,813 

1.74 

46  Elmos  Ays. 

31 

730 

11.2 

1.1 

(28.328 

(2.387 

(4,300 

(1,813 

1.74 

30-32  Elmos  Asa. 

31 

1.330 

10.7 

1.7 

(50,880 

(4,637 

(4,300 

((1371 

0.87 

68  Elams  Ays. 

31 

830 

10.8 

1.6 

(32.105 

(2.832 

(4,300 

(t,S68 

1.33 

68  Elmos  Ays. 

31 

1,800 

10.8 

1.3 

(71.763 

(6.334 

(4,300 

((2,0541 

0.68 

100  Orcturo  St. 

31 

1,100 

11.3 

1.1 

(41.347 

(3,783 

(4,300 

(703 

1.18 

105  >ctvrs  St. 

31 

730 

10,8 

1.3 

(28.328 

(2,387 

(4,300 

(1,813 

1.74 

103  Quryills  St. 

31 

830 

11.3 

1.1 

(32.105 

(2,832 

(4,300 

(1,368 

1.33 

TABLE  ft:  UVA//I/  A 


14?  *otim  St. 

31 

400 

11.3 

4f  Until  St. 

31 

1,100 

10.3 

60  Until  St. 

31 

1,0S0 

0.4 

44  South  Da  St. 

31 

800 

10.8 

70  South  D«  St. 

31 

800 

10.5 

83  South  Dt  St. 

31 

700 

lO.f 

47  Actor  St. 

31 

800 

11.3 

77  Actor  St. 

31 

850 

10.8 

1S1  Alltr  St. 

31 

500 

10.8 

144  Alltv  St. 

31 

1,150 

10.6 

182  Alltv  St. 

31 

1,100 

0.2 

aS  CM*  St. 

31 

400 

0.2 

Total  for 

Bldqc.  Mth 

BCR  >•  1 

Mator  of  1104s. 

mth  BO)  >■  1 

21 

*»q.  Hnqht  to  lUiw  110;.  Mth  BCR  >•  t  1.47  ft. 


Adjusted  knui  tantfit  I  Kft  : 


1.1 

122,442 

(2,070 

(4,500 

(2,430 

2.17 

2.1 

*41.547 

*3,705 

(4,500 

*705 

l.lf 

2.8 

(30.450 

*3,422 

(4,500 

(878 

1.24 

1.4 

*30.214 

(2,740 

(4,500 

(1,740 

1.43 

1.0 

*30,214 

(2,740 

(4,500 

(1,740 

1.43 

1.5 

124,430 

(2,415 

(4,500 

(2,085 

1.84 

1.1 

*30,214 

(2,740 

(4,500 

*1,740 

1.43 

1.4 

<32.105 

*2,032 

*4,500 

(1,548 

1.53 

1.4 

*18,885 

(1,725 

(4,500 

*2,775 

2.41 

1.4 

(43,434 

*3,047 

(4,500 

(533 

1.13 

3.2 

*41,547 

*3,705 

*4,500 

(705 

l.lf 

1.1 

*15,108 

(1,380 

(4,500 

(3,120 

3.24 

*808,032 

(82,101 

4730,1*0  2. SO 


OPTION  #3  -  REGIONAL  SAUGUS  RIVER  FLOODGATE  HAN 


gaffiBftL  "  The  Regional  Saugus  River  Floodgate  Plan  (Option  3)  or  Regional 
Plan  (Plate  R15)  was  described,  as  follows,  at  the  start  of  the  public 
involvement  process  early  in  the  study.  It  would  include  floodgates 
across  the  mouth  of  the  Saugus  River  either  upstream  or  downstream  of  the 
General  Edwards  Bridge  tied  into  existing  or  new  shore  front  protection 
(e.g.  walls,  dikes,  revetments)  ail  eng  Revere 7  s  shore  front  and  Lynn  Harbor 
to  reduce  wave  overtopping.  A  separate  plan  was  being  considered  to 
protect  an  area  behind  Lynn  Beach.  The  floodgates  would  be  closed  two  or 
three  times  a  year  generally  for  only  a  few  hours  each  timo  to  prevent 
tidal  surges  and  flooding  up  the  Saugus  and  Pines  Rivers  to  the  entire 
study  area.  The  gates  would  be  opened  as  the  tides  recede.  The  general 
design  criteria  at  the  beginning  of  the  study  for  the  Regional  Plan  gates 
are  that  they  should: 

(1)  maintain  the  natural  flushing  and  tide  levels  in  the 
estuary;  and 

(2)  maintain  safe  passage  for  navigation. 


Thus,  there  should  be  no  significant  change  in  the  estuary  or 
navigation  passage  when  the  gates  are  open.  In  the  closed  position, 
preliminary  indications  were  there  would  be  benefits  to  navigation  as  a 
port  of  refuge,  and  there  would  be  no  significant  impact  on  the  estuary 
due  to  the  short  length  of  time  gates  would  be  closed  and  infrequency  of 
closure. 


The  Plan  would  provide  a  high  degree  of  flood  protection  to  the  5000 
residential,  commercial  and  industrial  buildings  in  the  Saugus  River  and 
Tributaries  floodplain  of  Lynn,  Malden,  Revere  and  Saugus  against  coastal 
storms.  The  Boston  metropolitan  area  would  also  benefit  from  protection 
of  several  Northshore  transportation  arteries  and  from  recreational 
parkland  developed  along  the  historic  Revere  Beach  Reservation.  The 
Regional  Plan  would  also  reduce  the  deterioration,  erosion  and  replacement 
or  repair  costs  to  many  miles  of  existing  shorefrent  and  structures 
bordering  developed  properties  around  the  estuary. 

The  estuary  would  serve  as  a  natural  flood  water  storage  area  to 
further  prevent  damages  during  coastal  storm  events  coincident  with 
runoff.  The  estuary  would  store  both  storm  tide  water  allowed  to  overtop 
the  shorefrent  and  runoff  from  the  Saugus  River  watershed. 

Initial  Plans  -  The  initial  preliminary  plans  were  investigated  to 
determine  potential  economic,  environmental,  technical  and  social 
feasibility.  The  plans  and  information  was  provided  in  a  Working  Document 
to  Citizen  Steering  Oonmittees  and  Technical  Group  to  obtain  as  many 
concerns  as  possible  at  the  start  of  the  study.  When  the  potential  was 
realized  for  a  Regional  Plan,  and  at  that  time,  the  strong  interest  in 
preserving  the  estuarys'  resources,  the  main  criteria  was  developed  for 
the  Regional  Plan's  gates. 
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Three  general  locations  for  a  floodgate  were  considered  for  "initial" 
review  by  the  Corps  and  public  study  teams;  including  the  mouth  of  the 
Saugus  River,  the  mouth  of  the  Pines  River,  and  near  the  B&M  bridge  on  the 
Pines  River. 

(a)  Regional  Saugus  River  Floodgate  Plan  -  Five  potential  alignments 

at  the  mouth  of  the  Saugus  River  were  identified  however  only  one  was 
selected  for  preliminary  evaluation  of  this  plan  (Plate  R16) .  An 
alignment  (no.  4)  immediately  west  of  the  General  Edwards  Bridge  was  used 
since  it  would  not  significantly  inpact  the  neighborhood  of  Point  of  Pines 
which  had  their  own  flood  damage  reduction  project  under  design  at  that 
time.  It  would  also  have  no  inpact  on  the  proposed  South  Harbor 
Development  Project,  both  on  the  apposite  side  of  the  bridge.  However, 
the  impacts  on  real  estate  West  of  the  bridge  were  estimated  at  about  $2 
million  higher  than  the  east  side  and  other  potential  impacts  would  need 
to  be  looked  into  further.  The  plan  included:  the  floodgate,  and 

walls  along  Lynn  Harbor  and  Lynn  Beach,  a  park  dike  and  ponding  area 
behind  Revere  Beach  (Plates  R17-19) .  Two  options  were  considered  for  the 
floodgate  structure  either  having  it  span  the  river  with  a  gated  wall,  or 
both  dikes  and  a  gated-'  wall .  The  plan  wsuld  protect  the  entire  study 
area.  The  floodgates  were  initially  sized  to  provide  safe  flows  for 
navigation  during  a  mean  tide  range.  The  14  -(10'x  16.6')  flushing  slide 
gates  had  a  total  opening  of  2324  square  feet  (SF) .  The  navigation  miter 
gate  and  flushing  gates  had  a  flow  area  at  mid  or  peak  tide  of  2534  SF 
below  EL.  o.o.  During  a  mean  tide  range  there  should  be  no  significant 
change  in  the  estuary. 

(b)  Pines  River  Floodgate  Plan  (Plates  20  &  21)  includes:  a 
floodgate  at  the  mouth  of  the  Pines  River,  walls  and  dikes  to  East  Saugus; 
walls  along  the  Saugus  River  to  the  General  Edwards  Bridge,  and  the  park 
dike  and  ponding  area  behind  Revere  Beach.  The  plan  would  protect  Revere 
Beach  Backshore,  Northgate,  Town  Line  Brook  area  and  East  Saugus.  Not 
protected  were  the  city  of  Lynn  and  upper  Saugus  River  and  Shute  Brook 
areas.  The  plan  would  provide  no  benefit  or  impacts  on  the  Saugus  River. 

(c)  Pines  River  B&M  Floodgate  Plan  (Plates  22  and  23)  includes:  a 
floodgate  across  the  Pines  River,  east  of  the  B  +  M  railroad  bridge; 
connected  to  walls  and  dikes  to  East  Saugus;  walls  and  dikes  along  the 
Pines  and  Saugus  Rivers  to  General  Edwards  Bridge;  and  the  park  dike  and 
ponding  area  are  behind  Revere  Beach.  The  plan  would  protect  the  same 
area  as  the  floodgate  plan  at  the  mouth  of  the  Pines  River.  However,  this 
plan  would  not  benefit  navigation  or  impact  traffic  on  either  the  Saugus 
or  Pines  Rivers. 

Table  12  compares  the  feasibility  of  the  initial  plans,  at  the 
beginning  of  the  study,  when  first  discussed  with  the  committees  to  obtain 
ornaments. 

Fran  the  very  start  wide  support  was  voiced  for  the  Regional  Plan  and 
opposition  to  the  two  Pines  River  Plans,  Local  Protection  Plans  and 
NOnstructural  Plan  since  they  did  not  protect  the  entire  area  and  sane 
caused  significant  impact  on  wetland.  The  two  Pines  River  Plans  were 
screened  out  for  these  reasons  and  their  lower  net  economic  benefits. 


The  initial  Options  l  and  2  plans  underwent  seme  additional  revisions 
previously  explained,  option  3  proceeded  into  more  detailed  planning  and 
analysis  since  it  produced  the  highest  new  economic  benefits  and  was  the 
only  plan  strongly  supported  by  the  sponsoring  occraunities,  Congressmen 
and  several  agencies  provided  it  did  not  harm  the  estuary. 


TABLE  12 


Plan 


OCMPARISCN  OF  INITIAL  PLANS  AT  BEGINNING  OF  STOCK 
(1985  Price  Levels) 


A Annual 

Estimated  Project 

Buildings  1/  Net  First 

Protected  Benefits  Benefits  Oast 
(Number)  ($1000)  ($1000)  ($Million) 


Impacted 

Tiwpat-^farl  Cnagt-al 

Vegetated  Mudflats 
Wetlands  Riverbank 
(Acres)  (Acres) 


V 


Asp  Elans 
2/ 


Option  1A  (Pour  LLP's)  4150  $6830 

$2530 

$44 

31 

32 

Option  IB  (Three  IPP's 

excluding  E. Saugus)  3600  $5940 

$2050 

$40 

7 

21 

initial  NexTstructUEsa  Plans 

Revere  Beach  Backshore  58  $  328  $  138 

Other  Areas:  Less  than 

5%  (NOT  CETEPMTNED) 

$2.2 

0 

0 

Option  3A  (Dike  &  Wall)  5000  $7100 

$3640 

$34 

0 

14 

Option  3B  (Wall  only  at  5000  $7100 

Floodgate) 

$2720 

$43 

0 

13 

initial  Pines  River  Floodgate  Plan 

(excludes  Lynn  and  2900  $3137 

Upper  Saugus  River  areas) 

$  637 

$24 

10 

5 

initial  Pines  River  B&M  Floodgate  Plan 

(excludes  Lynn  and  2900  $3137 

Upper  Saugus  River  areas) 

$  17 

$30 

15 

10 

1/  Benefits  included  only  reduction  in  flood  inundation. 

2/  Four  LPP's  include  Revere  Beach  Backshore,  Lynn,  East  Saugus  and  Town  Line 
Brook. 
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Public  Involvement  -  Following  numerous  meetings  with  public 
representatives  and  receipt  of  many  letters  voicing  support  for  the 
Regional  Saugus  River  Floodgate  Plan  detailed  studies  were  initiated  for 
several  alignments  at  the  floodgates,  as  well  as  for  storefront,  hydraulic, 
environmental,  design,  ooets,  benefit,  real  estate  and  social 
investigations.  Extensive  public  involvement  followed  including 
coordinating  meetings  with  the  Citizen  Steering  Permittees  and  Technical 
Group  members  and  others  affected,  news  releases,  television  and  radio 
interviews  and  broadcast  by  both  the  Corps  and  public  participants.  As  a 
result  interest  and  participation  grew  in  the  study  and  the  committees  grew 
with  representations  of  additional  organizations .  Extensive  formulation 
and  analyses  followed  cn  the  Regional  Plan  with  the  help  of  these 
participants. 

Several  forums  were  used  to  solicit  concerns.  On  a  project  of  this 
magnitude  with  a  sensitive  estuary  potentially  affected,  an  Environmental 
Impact  Statement  would  be  needed  requiring  a  public  soaping  meeting  and 
Federal  Environmental  review  for  this  document  which  describes  major 
concerns  of  the  project.  So  as  to  have  full  benefit  of  the  coordination  of 
state  and  local  agencies  participation  in  the  study  and  assist  local 
sponsors,  the  study  initiated  the  state's  environmental  review  prooess 
which  requires  a  public  scoping  meeting  and  an  Environmental  Inpact 
Report.  As  part  of  the  state's  process,  an  outline  of  the  scope  of 
investigations  was  provided  by  the  state.  Both  scoping  meetings  were  held 
which  provided  an  extensive  list  of  questions  and  concerns.  In  addition 
the  four  Citizen  steering  Ooranittee's  and  Technical  Group  met  on  several 
occasions,  including  a  field  trip  to  similar  projects,  which  all  resulted 
in  questions,  comments  and  suggestions  which  were  instrumental  in  scoping 
out  and  aooonplishing  the  study.  Meetings  with  individual  property  owners, 
organizations,  legislators  and  a  workshop  with  the  most  potentially 
affected  (by  construction  features)  area  at  Point  of  Pines  was  held. 

Summary  of  Investigations 

(a)  The  hydrology  and  water  quality  concerns  including  changes  in 
currents,  tides,  flushing,  salinity,  sea  level  rise,  breaching  of  the  1-95 
fill  and  estuary  dynamics  with  and  without  tidal  floodgates  at  the  mouth  of 
the  Saugus  River  underwent  extensive  investigations.  These  efforts  were 
needed  to  formulate  a  project  to  assure  safe  flows  for  navigation  and  no 
significant  impact  cn  the  estuary  as  explained  further  in  this  section. 

(b)  The  level  of  effort  to  identify  the  resources  in  the  estuary  and 
determine  potential  impacts  was  largely  geared  toward  those  areas  where 
impacts  might  occur.  In  addition  to  cover  typing  the  entire  estuary  to 
document  the  different  areas  of  marsh  vegetation,  mud  flats,  rivers  and  so 
forth,  the  study  obtained  cross  sections  of  the  marsh  at  selected  locations 
to  determine  the  salinity  of  the  soil  and  density  of  vegetation.  For 
example,  in  the  Saugus  River  just  downstream  of  the  Saugus  Iron  Works,  more 
detailed  surveys  were  accomplished  since  it  was  initially  believed  the 
project  may  adversely  affect  the  high  marsh.  However,  this  was  found  not 
to  be  the  case.  Subsequent  field  surveys  of  the  estuary  during  tide  levels 
matching  the  proposed  frequent  gate  closure  levels,  revealed  all  wetlands 
remained  submerged  at  a  closure  elevation  of  7  ft.  NGVD. 
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Die  study  also  included  surveys  of  birds,  fish  and  shellfish  and 
collection  of  other  valuable  data.  Die  surveys  were  conducted  to  obtain 
information  of  the  types  and  abundance  of  species  found  in  the  study 
area.  Since  the  project  front  the  very  start  determined  the  floodgates 
could  be  designed  for  no  significant  impact  on  the  estuary,  it  was 
important  for  the  hydrology  and  water  quality  studies,  gate  selection  and 
project  operations  to  assure  this  would  be  the  case.  With  no  significant 
change  in  hydrology  or  water  quality  due  to  the  project,  there  would  be  no 
significant  inpact  on  the  estuary  dynamics.  Dus  the  scope  of 
enrirormental  studies  were  geared  to  potential  inpacts  from  the  footprint 
of  the  floodgates,  Lynn  Harbor  dike,  and  the  Point  of  Pines  features.  Die 
physical  location  of  these  three  features  would  define  the  environmental 
impacts  and  any  mitigation  requirements.  Die  ELS/EER  and  Environmental 
Appendix  explains  more  about  the  environmental  investigations  and  project 
impacts  from  the  floodgate's  physical  location.  In  later  sections 
alternatives  to  reduce  physical  .inpacts  are  discussed. 

(c)  Die  major  concern  that  the  project  would  induce  secondary 
development,  especially  in  the  estuary,  was  contracted  out  for  evaluation 
to  IEP,  Inc.  an  environmental  consultant.  Essentially  they  concluded  that 
without  the  proposed  project,  development  will  continue  within  the 
100-year  floodplain  as  long  as  it  is  economical  and  the  land  is 
available.  Development  within  the  marsh  is  precluded  by  regulation, 
although  illegal  filling  continues  to  some  degree.  Die  proposed  project 
would  not  change  the  controlling  factors  outside  of  the  marsh,  which 
appear  to  be  land  availability  and  economics,  and  would  not  change  the 
regulatory  protection  of  the  marsh  itself.  Dierefore,  it  was  concluded 
that  the  protection  afforded  against  flooding  by  the  project  would  not 
lead  to  any  induced  development  within  the  marsh  or  the  100-year 
floodplain. 

In  an  investigation  of  wetland  filling,  IEP  estimated  from  a  review  of 
photographs  that  almost  60  acres  of  wetlands  appeared  to  have  been  filled 
since  1978  (or  about  6  acres  per  year) ,  more  detailed  investigation  by  the 
dorps,  however,  concluded  only  about  0.5  acres  per  year  had  actually  been 
filled.  However,  the  pressures  on  developing  the  estuary  definitely 
exist.  Over  about  a  seven  month  period  the  Corps  issued  seven  Cease  and 
Desist  orders  far  activities  in  the  wetlands.  One  factor  would  play  a 
very  significant  role  in  curtailing  continuing  illegal  wetland  filling  in 
the  estuary  if  the  project  is  built.  In  order  to  protect  the  storage  area 
in  the  estuary  for  the  project's  design  conditions,  the  estuary  protection 
program  described  in  the  main  report  would  be  implemented.  Die  emphasis 
and  priority  of  protecting  the  estuary  by  the  Oorp6,  other  regulatory 
agencies,  citizens  and  interest  groups  should  result  in  a  reduction  in  the 
loss  of  estuarine  wetlands  as  a  ret  xlt  of  the  project. 

(d)  Die  question  of  where  to  locate  the  floodgate  underwent  extensive 
investigations.  These  investigations  were  nearing  completion  at  the  time 
the  city  of  Revere  advised  the  Corps  that  the  Point  of  Pines  local 
protection  project  could  not  be  financed.  Alignments  l  and  2  for  the 
floodgates  had  depended  on  tieing  into  the  Point  of  Pines  project's  wall 
along  the  Saugus  River  (See  Plate  R16) .  Alignment  2  remained  the  lowest 
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cost  alignment  even  after  Point  of  Pines  feature  were  added  to  the 
Regional  Plan  for  both  alignments  1  and  2.  The  economic  feasibility  of 
the  Regional  Plan  significantly  improved  with  the  addition  of  Point  of 
Pines  which  offered  substantial  benefits  to  the  project  at  a  lower 
increase  in  cost.  The  Regional  Plan  at  alignment  #2  benefits  the  Point  of 
Pines  project  by  reducing  the  length  of  wall  by  1000  feet  needed  along  the 
river  side  and  provides  the  residents  same  additional  reduction  in 
damages.  More  important  it  offers  the  residents  another  opportunity  to 
receive  protection  through  the  funding  of  the  Regional  Plan. 

The  possibility  of  tieing  Alignments  1  and  2  directly  to  the  bridge 
approach  via  a  wall  along  the  Saugus  River,  rather  than  requiring  Point  of 
Pines'  entire  shorefront  be  improved  was  discarded.  This  scheme  would  not 
have  reduced  the  overtopping  of  the  shorefront  but  would  have  blocked  off 
the  drainage  path  overtopping  water  needed  to  get  out  to  the  river. 
Consequently  flooding  would  have  been  made  worse  at  Point  of  Pines  under 
severe  storm  conditions. 

The  problems  with  locating  the  floodgates  adjacent  to  the  bridge  or 
west  of  the  bridge  are  explained  later.  Significant  additional  impacts 
and  costs  result  from  Alignments  3,4  and  5,  which  do  not  protect  Point  of 
Pines. 

(e)  Concerns  for  impact  on  fisheries  using  numerous  small  10'xlO' 

gates  was  substantially  alleviated  when  larger  14'xS0'  gates  were  found  to 
be  more  cost  effective.  During  fined,  design  and  model  studies,  more 
detailed  investigations  may  find  that  even  larger  tainter  gates,  with 
sills  a  few  feet  lower  and  top  opening  a  few  feet  higher  may  be  even  more 
efficient  As  shown  in  the  following  section,  the  number  of  gates  and 
flushing  area  selected  represents  a  worse  case  condition  to  meet  the 
navigation  criteria.  If  conditions  prove  to  be  less  severe,  then 
decisions  will  need  to  be  made  whether  to  (1)  reduce  the  flow  area,  by 
say  10  to  20%,  (2)  leave  it  at  its  present  reccnmended  opening,  or  (3) 

increase  the  area  by  raising  the  top  of  gates,  as  requested  by  the  US  Fish 
and  Wildlife  Service.  At  any  case  there  should  not  be  a  significant 
change  (plus  or  minus  20%)  in  the  number  of  gates  or  flow  area. 

(f)  The  concerns  for  impacts  on  siltation  in  the  vicinity  of  the 
floodgates  will  largely  be  addressed  during  design  with  model  studies. 
Siltation  in  the  estuary  is  addressed  in  the  Water  Quality  Appendix  and  no 
significant  siltation  is  expected  as  a  result  of  the  project  since  there 
would  be  little  change  in  estuary  currents.  Adjacent  to  the  floodgates 
within  500  feet  upstream  and  downstream  there  would  be  a  change  in 
siltation  and  erosion,  although  its  not  expected  to  be  significant.  The 
river  bottom  will  be  dredged  in  order  to  channel  water  through  the  gates. 
Model  studies  in  design  will  evaluate  the  currents  and  their  affect  on  the 
river  bottom  and  siltation  to  reduce  the  impact. 

Plan  Description  -  The  following  summarizes  major  features  of  the  Regional 
Plan,  and  a  more  detailed  description  of  each  feature  will  follow. 
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Major  features  include: 


.  a  floodgate  structure  across  the  mouth  of  the  Saugus  River  which 
would  prevent  tidal  surges  up  the  Saugus  and  Pines  Rivers.  The  gates 
would  be  designed  to  maintain  both  safe  navigation  and  the  natural 
flushing  and  tide  levels  of  the  marsh  and  rivers.  The  floodgate  structure 
would  be  located  either  upstream  or  downstream  of  the  General  Edwards 
Bridge; 

.  the  structure  would  include  at  least  a  100  foot  wide  navigation 
opening  similar  in  width  to  the  existing  navigation  opening  under  the 
General  Edwards  Bridge.  Additional  flushing  gates  would  be  required  on 
either  side  of  the  navigation  gate  to  meet  the  navigation  and  estuary 
criteria; 

.  along  the  Lynn  Harbor  shoreline,  about  8900  feet  of  Hiicwa  and 
walls  would  be  needed  to  reduce  overtopping  which  floods  Iyrm  and  flows  to 
the  estuary  ; 

.  behind  the  Revere  Beach  seawall,  in  the  vicinity  of  the 
Metropolitan  District  Ocnmissicn  (MDC)  police  station,  3,400  feet  of 
vacant  land  would  be  raised  and  developed  into  a  dike  and  graded  toward 
the  Boulevard  for  drainage.  The  area  would  also  be  used  as  a  parkland. 

It  would  prevent  tides  which  overtop  the  seawall  from  reaching  developed 
areas  and  the  estuary; 

.  a  ponding  area  located  behind  the  north  end  of  Revere  Beach  would 
be  protected  to  store  tidewaters  overtopping  the  sharefrcnt  far  most 
storms,  and  a  500  foot  long  wall  to  contain  the  water  in  the  pending  area 
and  direct  excess  water  to  the  estuary; 

.  continued  maintenance  of  the  existing  seawalls  and  beach  along 
Revere  Beach  would  prevent  increased  overtopping  along  the  reservation  and 
flooding  behind  Revere  Beach  and  into  the  estuary; 

.  improved  enforcement  and  monitoring  of  the  existing  wetland 
regulations  and  modified  floodplain  regulations  would  protect  the  needed 
flood  water  storage  in  the  estuary  area  during  coastal  storms  acxxmpanied 
by  runoff  from  the  watershed  and  tides  overtopping  various  locations  along 
the  sharefrcnt;  and 

.  for  Floodgate  Alignments  #1  and  2,  the  Point  of  Pines'  dunes  would 
need  to  be  restored  and  protected  and  backed  up  by  a  Revetment.  An 
improved  wall  is  also  needed  along  the  river  to  the  floodgates,  as  the 
existing  wall  is  unstable  with  an  exposed  foundation.  Revetments  along 
the  sharefrcnt  fran  Carey  Circle  to  the  dunes  are  needed  to  (1)  prevent 
damages  at  Point  of  Pines,  and  (2)  prevent  failure  of  the  existing 
sharefrcnt  to  the  point  of  allowing  the  free  flow  of  the  ocean  fran 
circumventing  the  floodgates  and  entering  the  estuary  and  storage  area 
which  would  jeopardize  the  integrity  and  protection  offered  by  the 
Regional  Plan.  Design  criteria  for  the  dunes  have  assigned  the  dunes  could 
be  breached  for  tides  exceeding  EL.  10.3  -  the  1978  or  100  year  event. 

Over  the  project  life  this  tide  elevation  could  recur  on  a  17  year 
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frequency  with  the  historical  rate  of  sea  level  rise,  until  design  model 
studies  of  beach  and  dune  erosion  is  aooapplisheri  to  prove  otherwise,  the 
revetment  is  needed. 

The  following  areas  would  benefit  from  reduction  in  coastal  flooding  from 
the  plan. 

Revere  Beach  Backshore,  Revere 

City  of  Lynn 

Northgate,  Revere 

Town  Line  Brook,  Revere  and  Malden 

East  Saugus,  Saugus 

Upper  Saugus  River  and  Shute  Brook,  Saugus 

Point  of  Pines,  Revere  (for  downstream  floodgate  alignments  1  and  2) 

Routes  107,  1,  1A,  MBTA,  and  B&M  Railroads 

FLOODGATE  OPENINGS  -  Preliminary  studies  had  shown  that  meeting  the 
navigation  criteria  of  not  exceeding  3  knots  of  current  or  5.1  feet  per 
second  in  the  navigation  channel  for  designing  the  gates  should  yield  no 
significant  changes  in  tide  levels  or  flushing  volumes  in  the  estuary. 

The  navigation  criteria  was  provided  from  prior  studies  by  the  Corps 
Waterways  Experimart  station.  In  order  to  effectively  estimate  the 
currents  more  information  was  needed  on  the  volumes  of  water  that  were 
flushing  in  and  out  of  the  estuary.  To  obtain  these  volume  measurements, 
the  Sewall  conpany  in  Old  Town,  Maine  was  contracted  to  fly  and  photograph 
the  estuary  on  four  different  tide  conditions  while  the  Corps  measured  the 
various  tide  levels  around  the  estuary  during  the  flight,  color  infrared 
aerial  photography  was  taken  and  the  water  surfaces  planimetered  by 
Sewall.  From  this  information  and  other  aerial  photographs  and  maps,  the 
volume  of  water  was  estimated  at  various  tide  levels. 

To  calibrate  and  check  the  volume  of  water  flowing  and  estimated 
currents  during  various  tidal  ranges,  current  measurements  were  also  taken 
between  each  pier  of  the  General  Edwards  Bridge  on  a  high  spring  tide  over 
a  full  tide  cycle.  The  results  provided  information  to  calibrate  models 
to  estimate  what  the  currents  and  flushing  volumes  would  be  and 
corresponding  tide  levels  in  the  estuary  for  various  gate  designs. 

Three  tidal  ranges  were  investigated  for  several  gated  openings.  The 
three  tide  ranges  were: 

(1)  the  Mean  Tidal  Range  which  represents  the  average  of  all  tidal 
ranges  and  measures  9.5  feet  from  Mean  High  Tide  (El  5.0  ft  NGVD)  to  Mean 
Low  Tide  (El. -4. 5) .  Currents  experienced  during  this  range  are  equalled 
or  exceeded  during  50%  of  tides. 

(2)  The  Mean  Spring  Range  is  an  11  foot  change  in  tides  from  Mean 
Spring  High  Water  (El  5.8)  to  Mean  Spring  Low  Water  (El  -5.2) .  Conditions 
equal  or  exceed  this  tidal  range  during  20%  of  all  tides. 

(3)  the  Maximum  Astronomic  Range  is  a  14.6  foot  change  in  tides 
ranging  from  the  Maximum  Predicted  Astronomical  High  Water  (El  7.5)  to 
Minimum  Predicted  Astronomical  Low  Water  (El  -7.1) .  Conditions  equal  or 
exceed  this  tidal  range  on  about  0.01  percent  of  tides  which  is  less  than 
onoe  a  year. 
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CURRENT  AND  TIDAL  RANGE 


Current  &  Tide  Range 


Change 
in  Tide 
(feet) 


(%  of  Tides) 


Mean  Tided  Range  9.5' 
Mean  Spring  Range  11.0' 
Maximum  Astronomic  Range  14.6' 


50% 

20% 

0.01% 


This  information  is  later  used  to  show  the  percent  of  tides  when  safe 
flows  far  navigation  are  exceeded  far  various  gate  design  openings.  With 
each  hitler  range  in  tides  larger  volumes  of  water  pass  out  of  or  into  the 
estuary  through  the  floodgates.  The  fastest  current  occurs  far  only  about 
half  an  hour  around  the  peak  flow  which  occurs  at  about  mid  tide  car  EL. 0.0 
ft.  NGVD.  In  order  to  achieve  maximum  efficiency  of  the  tide  gates  at 
peak  flow,  the  gates  were  positioned  so  they  were  totally  submerged  during 
this  peak  flow  period.  The  top  of  the  flushing  gates  were  placed  at  El 
0.0  to  make  maximum  use  of  their  flow  area.  Information  will  be  explained 
later  on  how  the  flushing  gate  sizes  were  selected  and  the  bottom  of  their 
openings.  The  navigation  gate  sill  was  relocated  on  the  bottom  of  the 
channel  in  order  to  allow  normal  minimum  tide  levels  to  occur  in  the 
estuary.  This  location  also  helps  to  meet  the  navigation  current 
criteria. 

Gate  Flows  for  KyWing  nnndifi nr«  -  Several  schemes  were  developed  to 
evaluate  the  area  of  openings  needed  in  the  floodgate  structure  to  meet 
the  navigation  and  estuary  criteria.  Initially,  the  navigation  criteria 
was  applied  to  existing  tidal  conditions.  Table  13  shows  six  gated  flew 
schemes  and  average  maximum  currents  thrcu$i  their  gates  ranging  from  1.3 
to  14.1  feet  per  second.  Gate  scheme  N3  was  initially  selected  with  a 
maximum  flow  of  5.3  fps  and  presented  to  the  Steering  Occmittees. 

Although  representatives  of  the  commercial  fishing  fleet  and  the 
recreation  fleet  indicated  they  would  have  no  problem  with  this  5.3  fp6 
current,  Scheme  N3  would  increase  the  currents  experienced  in  the  river. 
Navigation  interests  opposed  any  increase  in  currents  and  reported  several 
problems  with  the  existing  currents  at  the  mouth  of  the  river: 

.  small  vessels  navigating  the  swift  currents  are  forced  sideways 
into  other  vessels  or  bridge  abutments; 

.  vessels  attempting  to  cut  across  currents  have  problems  mooring  at 
the  Point  of  Pines  Yacht  club; 

.  there  is  a  safety  problem  due  to  the  swift  currents  which  make  it 
difficult  for  victims  and  rescuers  when  people  fall  off  the  docks  and 
boats  near  the  Point  of  Pines  Yacht  Club. 

.  wakes  from  boats  disturb  or  damage  nearby  moored  vessels. 
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The  river  is  posted  for  navigation  at  5  miles  per  hour  (or  4.3  Knots) 
near  the  General  Edwards  Bridge.  Hast  agree  a  3  Knot  (5.1  fps)  current 
should  not  cause  a  problem  to  navigation  since  the  reported  capability  of 
lcteter  boats  is  8  to  10  Knots  and  sail  boats  is  5  to  6  Knots.  General 
Electric  fuel  barges  are  able  to  reach  about  9  Knots. 

Mariners  did  report  problems  with  swift  and  erratic  currents  and 
eddy's  near  the  bridge.  Localized  currents  have  scoured  out  between  the 
piers  of  the  bridge.  The  MDC  on  several  occasions  replaced  rock  around 
the  bridge  piers  to  reduce  erosion  at  the  piers. 


TABLE  13 


ALTERNATIVE  OPENINGS  FOR  GATES  AND  EXISTING  VELOCITIES 


GATE  SCHEME 

FC  HI  H2  H3  JW  Sf 

Open  Area  below  EL.  0.0  ft.NGVD  (Square  Feet) 

1260  2800  3500  5200  8700  12,170 

Average  velocity  (ft.  pet  jgge. i : 

Mean  Tide  Range 


(50%  of  Tides) 
Mean  Spring  Tide 

9.4 

5.2 

4.2 

2.9 

1.7 

1.3 

Range  (20%) 
Maximum  Astronomic 

10.8 

6.1 

5.0 

3.4 

2.1 

1.6 

Range  (0.01%) 

14.1 

8.8 

7.3 

5.3 

3.3 

2.4 

Gate  Flow  for  Future  Conditions  -  other  consideration  in  the  design  of  the 
gated  openings  were  future  conditions.  Over  the  life  of  the  project 
relative  sea  level  is  expected  to  rise  at  least  one  foot  based  on  the 
historical  rate  of  rise  and  maybe  higher.  The  rise  in  sea  level  will 
result  in  an  increase  of  at  least  10  percent  in  the  volume  of  salt  water 
flushing  in  and  out  of  the  estuary. 

Also  there  is  an  environmental  interest  to  breach  the  1-95  embankment 
which  if  acocnplished  by  others  in  addition  to  the  dredging  of  the  Saugus 
and  Pines  Rivers  would  increase  flushing  an  additional  lo  percent. 

During  the  study,  however,  it  became  apparent  that  the  1-95  would  not 
likely  be  breached  by  others  due  to  potential  inpacts  on  flooding  at  East 
Saugus.  The  1-95  currently  provides  a  one  to  two  foot  reduction  in  tide 
levels  for  frequent  coastal  storms.  Making  holes  through  the  fill  or 
toted  removal  would  allow  tides  to  rise  in  East  Saugus.  It  is  assumed  the 
1-95  would  not  be  breached  due  to  East  Saugus  strong  opposition. 
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There  are  several  issues  which  should  be  considered  before  others 
consider  breaching  the  1-95  fill  among  them  are  increased  flooding  levels 
at  East  Saugus,  increased  flushing  in  the  estuary  resulting  in  increased 
currents  at  the  mouth  of  the  river  and  faster  currents  in  rivers.  Further 
studies  by  others  would  need  to  be  undertaken  to  assess  these  concerns.  A 
cursory  review  of  aerial  photographs  before  the  1-95  fill  was  built  (about 
1968)  and  recent  aerial  photography  did  not  show  a  significant  difference 
in  vegetation  in  the  affected  area.  The  environnental  values  of  breaching 
the  fill  should  also  be  considered  by  others  before  it  is  considered. 

To  prevent  the  gates  from  causing  problems  to  mariners  from  either 
increased  currents  now  or  in  the  future  the  criteria  was  modified. 

Floodgate  Criteria  -  Refinement  of  the  criteria  for  designing  the  gated 
openings  was  to  design  the  gates  so  there  would  be  no  sirmifTrant  change 
to  currents  at  the  mouth  of  the  river  to  the  point  the  gates  would  become 
the  controlling  restrictions  in  the  future,  or  cause  problems  to 
navigation,  or  no  significant  change  to  the  flushing  and  tide  levels  in 
the  estuarv. 


Sizing  of  Gated  Openings  -  To  achieve  the  criteria  for  sizing  the 
openings,  the  existing  cross  sections  of  the  river  mouth  were  determined: 
The  flow  area  of  the  river  is  most  critical  at  the  point  the  currents 
reach  their  maximum  velocity  of  flow  -  that  is  at  about  mid  tide  about  EL. 
0  ft.  NGVD,  or  EL.  4.6  ft.  MLW. 


The  cross  sectional  areas  fear  Alignments  2,3,4  and  5  provided  nearly 
the  widest  range  at  the  mouth  of  the  river  in  flow  area  at  mid  tide,  which 
are: 


Alignment  2  8700  square  feet 

Alignments  3  and  4  or 

under  the  bridge  -  12,170  square  feet 

Alignment  5  8200  square  feet 

The  potential  flew  area  is  not  the  only  consideration  in  determining 
the  highest  velocity  rates,  the  efficiency  and  obstruction  to  flow  are 
also  inpartant.  For  planning  purposes  rather  than  selecting  8200  SF,  the 
minimum  flew  area,  the  87 oo  square  feet  was  selected  to  reasonably 
represent  the  open  area  needed  in  the  gates,  so  as  not  to  significantly 
ch  nge  the  existing  restrictive  control  of  the  river. 

More  refined  analysis  would  be  accomplished  during  detailed 
engineering  in  evaluating  currents  in  the  river  and  through  various  types 
and  openings  in  its  gates. 

The  maximum  average  velocity  of  currents  through  the  8700  SF  (Scheme 
N4)  of  gated  openings  would  be  less  than  5.1  fps  (3k)  even  with  one  foot 
of  sea  level  rise,  breaching  of  the  1-95  fill  and  dredging  of  the  rivers. 

Although  8700  SF  may  not  significantly  change  the  flow  in  the  river, 
it  may  not  be  the  optimum  or  most  economically  efficient  flew  area  in 
meeting  the  criteria.  A  sensitivity  analysis  of  flow  areas  to  meet  the 
criteria  is  required. 
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Sensitivity  of  Gated  Flow  Area  -  It  is  important  to  determine  how 
sensitive  the  gated  flow  area  is  to  the  local  currents  in  meeting  the 
navigation  criteria  of  not  to  exceed  3  knots  or  5.1  feet  per  second.  Then 
also  determine  whether  the  environmental  criteria  is  sensitive  to  the 
gated  flow  area  optimized  to  meet  the  navigation  criteria.  The  magnitude 
of  the  currents  is  not  the  only  important  consideration  but  also  the 
direction  of  currents.  Modeling  in  design  will  determine  if  dangerous 
cross  currents  or  eddies  would  exist  and  what  project  modifications  are 
needed  to  assure  safe  navigation.  The  criteria  should  not  be 
significantly  exceeded  for  existing  conditions  or  future  conditions  with 
the  probable  historic  rate  of  sea  level  rise.  The  actual  historic  rate  of 
0.8  feet  in  100  years  will  be  used  in  this  analysis.  Due  to  entrance  and 
exit  losses  and  the  friction  of  the  water  passing  through  the  gates  and 
the  channels  leading  to  the  gates,  current  velocities  will  vary  across  the 
width  of  a  gate  and  slightly  from  gate  to  gate.  The  highest  expected 
current  or  local  current  in  a  gate  will  generally  be  one  to  two  feet  per 
second  (FPS)  faster  than  the  average  current.  Only  the  average  currents 
have  been  considered  thus  far  since  this  is  all  the  modelling  could  handle 
in  designing  the  gates  at  this  time  due  to  budget  and  time  constraints. 
More  sophisticated  modelling  in  design  will  include  local  current 
evaluation.  The  analysis  which  follows  shows  first  the  point  at  which  a 
gated  flew  area  exceeds  the  navigation  criteria  far  each  of  the  three 
tidal  ranges;  (Mean  Range,  Mean  Spring  Range  and  Maximum  Astronomic  Range) 
and  keeping  in  mind  that  the  percent  of  tides  equalled  or  exceeded  for 
each  range  is  50%,  20%  and  0.01%.  This  analysis  is  done  for  both  a  local 
current  1  FPS  faster  and  2  EPS  faster  than  the  average  maximum  current 
developed  by  the  planning  model.  Tables  FI  and  F2  shew  the  addition  of 
"plus  1  FPS"  and  "plus  and  2  FPS,"  respectively,  to  the  maximum  average 
currents,  previously  reported  for  each  gate  schane  and  tidal  range. 

Graphs  FI  and  F2  plot  this  data.  The  graphs  shew  that  under  "existing 
conditions"  the  navigation  criteria  (5.1  FPS)  is  reached  for  the  following 
gated  flow  areas: 


Flow  Area  Vfoen  Navigation  Criteria  is  Reached  ftocel  Currents 

low  level  High  level 

PlMS  l.FPS  FlW?  2..IPS 


Mean  Range  (50%) 
Mean  Spring  (20%) 
Max  Astrcn  (0.01%) 


3600  SF 
4400  SF 
7200  SF 


4900  SF 
5900  SF 
9500  SF 


This  means  that  to  prevent  currents  from  exceeding  the  navigation 
criteria  (even  on  0.01%  of  tides)  during  the  Maximum  Astronomic  Range  the 
gated  flow  area  should  range  from  7200  SF  to  9500  SF  depending  on  whether 
local  currents  are  1FPS  (low  level)  or  2 FPS  (high  level)  faster  than  the 
maximum  average  current  under  "existing  conditions". 


The  same  analysis  was  acccnplished  for  a  future  condition  of  0.8  foot 
of  sea  level  rise  at  the  historical  rate.  For  the  three  tidal  ranges,  the 
tidal  prism  in  the  estuary  or  its  flushing  volume  will  change  as  follows: 
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Change  in  Tidal  Prism 
v/0.8'  Sea  T^vel  Pjy> 


Mean  Range  +9% 
Mean  Spring  Range  +12% 
Maximum  Astronomic  Range  -2% 


Although  the  change  in  currents  Mere  not  specifically  determined,  the 
currents  would  change  similar  to  the  change  in  the  t-idai  prism. 

The  Maximum  Astronomic  Range  shows  a  reduction  in  the  tidal  prism 
since  to  prevent  damage  at  Elevation  8  ft  NGVD,  the  water  level  in  the 
estuary  is  truncated  at  El  7.5  to  8,  when  in  Broad  Sound  the  Maximum 
height  would  have  reached  8.3  ft  NGVD.  With  the  closing  of  the  gates  for 
Maximum  Astronomic  levels,  there  would  be  about  a  2  percent  reduction  in 
flushing  volume  for  0.01%  of  tides  and  a  corresponding  small  reduction  in 
currents. 

Tables  F3  and  F4  show  these  changes  (+9%,  +12%,  -2%)  from  the  existing 
condition  currents  in  Tables  FI  and  F2.  Graphs  ft  and  F4  plot  the  results 
in  Tables  F3  and  F4  which  show  that  with  future  sea  level  rise  the 
navigation  criteria  (5.1  fps)  is  exceeded  far  the  following  gated  flow 
areas: 


Mean  Range  (50%) 

Mean  Spring  Range  (20%) 

Maximum  Astronomic  Range  (0.01%) 


Future  With  Sea  Level  Rise  and 
for  Local  Currents  at 
Low  Level  High  Level 

PlUS  1  FPS  Plus  2  FPS 


4300  SF 
5100  SF 
7300  SF 


5600  SF 
7300  SF 
9000  SF 


Again  this  means  that  to  prevent  currents  from  exceeding  the 
navigation  criteria  (even  on  0.01%  of  tides)  far  the  Maximum  Astronomic 
Range  with  sea  level  rise  the  gated  flow  area  should  range  from  7300  SF  to 
9000  SF  depending  on  Whether  local  currents  are  l  FPS  to  2  FPS  faster  than 
the  maximum  average  current. 


The  next  step  is  to  plot  these  results  on  Grach  F5  to  show  the  Percent 
of  Tides  when  the  navigation  criteria  is  exceeded  by  each  flow  area.  As 
shewn  on  the  graph,  th*>  na  ep+*H  fi ru  area  of  8700  sf  wniid  ageed  the 
navigation  criteria  on  less  than  5  percent  of  tides  if  the  High  Level  of  2 
FPS  increase  in  the  maximum  average  current  is  realized.  This  is  true  for 
both  existing  conditions  and  sea  level  rise.  If  however,  the  increase  for 
local  currents  is  only  1  FPS  the  low  level  would  apply  and  about  7300  SF 
of  flow  area  would  be  needed. 


For  planning  purposes  and  so  as  not  to  significantly  underestimate  the 
needed  flow  area  and  project  cost,  the  N4  gate  scheme  with  8700  SF  of  flow 
area  should  be  used  to  reasonably  represent  gated  flow  requirements  and 
project  costs. 
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Tea  Below  Mean  Sea  Level 


Gated  Flow  Area  ( x  1000  Sq.  Ft.) 


GRAffi  F5  _ 

F10W  AREA  VS.  NAVIGATICN  CRITERIA 


Navigational  Criteria  Exceeded,  %  of  Tides 


During  final  design  of  the  project  the  flow  area  eventually  selected 
will  definitely  provide  safe  flow  for  navigation.  The  design  will  also 
oonsider  requests  by  others  to  raise  the  top  of  gates  and  reduce  eddys  and 
friction  through  the  gates  for  improved  fisheries  passage.  As  explained 
in  a  following  section  on  "Flushing  Gate  Selection",  the  preliminary 
optimum  size  of  the  selected  flushing  gate  opening  is  14  foot  by  50  foot 
with  a  flow  area  of  700  SF.  The  navigation  gate  opening  at  aid  tide  (El. 
0.0)  or  at  peak  flow  is  1800  SF.  The  remaining  flow  area,  of  8700  SF  less 
1800  SF  leaves  6900  SF  for  flushing  gates.  Ten  flushing  gates  with  7000 
SF  plus  1800  SF  for  the  navigation  gate  would  total  8800  SF,  which  would 
satisfy  the  flow  area  selected  of  8700.  Graph  F6  plots  the  number  of 
flushing  gates  versus  the  percent  of  tides  when  each  number  of  gates  would 
exceed  the  navigation  criteria.  Again,  the  N4  scheme  with  10  flushing 
gates  would  exceed  the  criteria  on  less  than  5  percent  of  tides.  If  the 
size  of  gates  remain  the  same  during  design,  the  number  of  gates 
ultimately  reocnmended  may  range  from  8  to  11  depending  on  many  factors 
including  far  example  local  flows,  sea  level  rise,  fisheries  passage, 
eddys  and  sedimentation.  Graph  F7  shows  that  8  or  10  gates  would  reduce 
flushing  in  the  estuary  about  1  or  0.1  percent,  respectively. 
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Heights  of  Protection  -  The  top  elevations 

for  the  Floodgate 

structure  and 

walls  and  dikes  in  Revere  and  along  Iyrm  Harbor  which  are  part  of  the 
Regional  Plan  are  shewn  in  Table  5.  The  three  plans  being  considered  vary 
the  height  of  protection  for  the  100  year,  500  year  and  SRf  storm  levels 
of  protection.  The  500  year  design  storm  will  be  used  for  comparing 
alignments  2  through  5  to  Options  1  and  2.  Then  the  100  year  and  SFN 
design  conditions  will  be  used  to  optimize  the  option  selected. 

Type  of  Floodgates  -  The  type  of  floodgates  to  be  used  to  provide  8700 
square  feet  (SF)  of  gated  opening  depends  on  their  purpose,  efficiency  to 
pass  flows,  environmental  concerns  and  size  of  the  opening.  Two  general 
purpose  for  gates  sure  needed,  one  for  navigation  and  the  other  for 
flushing. 
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(1)  Navigation  Gate  -  model  studies  of  the  estuary  tide  levels  showed 
the  bottom  sill  of  the  Navigation  gate  would  need  to  be  at  the  bottom  of 
the  existing  river  navigation  channel,  about  EL.  -  18  ft.  NGVD  so  as  not 
to  restrict  low  tide  levels.  The  gate  would  be  at  least  100  feet  wide. 
Thus  provide  a  flow  area  at  mid  tide  of  1800  SF.  Several  types  of  gates 
(Figure  8A  &  8B)  were  considered  but  the  Miter  and  Sector  were  evaluated 
in  detail.  The  Miter  gate., constructed  using  a  braced  ring  cofferdam, was 
found  to  be  most  economical  (see  Table  141  with  the  low  wave  action  at  the 
mouth  of  the  river  compared  to  a  Sector  gate  using  a  cellular  cofferdam. 

A  miter  gate  as  shewn  in  the  Main  Report  is  similar  to  two  hinged  doors 
which  clcee  on  a  bevel  or  miter.  A  hydraulic  cylinder  would  open  and 
close  the  gates  in  about  20  minutes.  The  gate  would  have  unlimited 
clearance  overhead.  The  width  of  the  gate  at  Alignments  3  and  4  near  the 
bridge  would  be  the  same  as  the  bridge  and,  thus,  held  to  100  feet  wide. 

At  alignments  1,  2  and  5,  a  larger  opening  would  be  evaluated  for 
technical  and  economic  feasibility  during  final  design.  The  drum  gates 
concrete,  excavation  and  cofferdam  costs  would  have  exceeded  the  Miter 
gate  costs. 


TABLE  14 


COST  OCMPARISCN  -  Miter  vs.  Sector  Gate 
($  Millions) 


Naviaation  Gates 

Miter  Gate 

Sector  Gate 

Gate  (1  each) 

$4.7 

$  7.5 

Concrete 

2.4 

8.1 

Bearing  Piles 

TOTAL 

$  7.7 

$  19.2 

Cofferdams  Ccnpared 

$  2.6  Ring 

$  13.1  cellular 

Navigation  Gate  width  Selection  -  Navigation  criteria  for  design  of  the 
navigation  opening  considered  the  guidance  in  Q*  1110-2-1611.  The  manual 
reccnmends  various  considerations  for  clearances  between  vessels  and  wind 
direction  and  navigating  nearby  bridges.  Also,  evaluation  of  currents, 
type  and  volume  of  traffic  through  the  gates.  In  selecting  the  100  foot 
width  it  was  decided  that  for  planning  purposes  and  the  various  alignments 
being  considered,  the  existing  width  of  the  navigation  opening  through  the 
General  Edwards  Bridge  should  be  used  as  a  minimum,  being  100  feet  wide. 
Two  alignments  would  connect  directly  with  the  100  foot  bridge  openings. 

By  keeping  the  100  foot  width  for  the  other  three  alignments,  the  decision 
was  made  that  it  would  not  inpose  any  new  restrictions  on  navigation  in 
the  channel.  With  the  exception  of  the  (about)  40  foot  wide  Gen.  Elec, 
fuel  tankers,  which  enter  once  a  month,  all  other  vessels  are  less  than 
half  that  wide.  With  the  posted  speed  of  5  nph  and  two  way  traffic  of 
two-twenty  foot  wide  vessels,  the  100  foot  was  considered  reasonable. 

This  is  the  existing  restriction  at  the  General  Edwards  Bridge.  Further, 
there  is  a  straight  run  between  the  Bridge  and  Floodgates  without  any 
bends  in  the  channel.  Recreation  and  fishing  vessels  currently  wait  until 
the  fuel  barge  passes  the  bridge,  once  a  month,  before  entering  the 
opening. 

Therefore,  the  selection  of  a  100  foot  width  for  the  floodgates  was 
based  on  a  reasonable  width  so  as  not  to  create  any  more  of  a  restriction 
than  currently  exists  at  the  mouth  of  the  Saugus  River. 
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If  a  wider  navigation  gate  is  needed  several  things  would  be 
considered.  The  cost  per  SF  of  flow  area  for  the  navigation  gate  is  about 
$6100  per  SF  compared  to  about  $3600  per  SF  far  the  flushing  gates.  The 
navigation  gate  sill  could  be  raised  from  EL. -18  to  EL.  -13+  (the 
Navigation  Project  recaaoended  channel  depth  is  EL. -12. 6) .  This  would 
help  reduce  the  cost  of  a  wider  navigation  gate.  The  flow  area  to  EL. -18 
could  possibly  be  replaced  by  lowering  at  least  two  of  the  50  foot  wide 
flushing  gates  from  EL.  14  to  -18.  Detailed  evaluation  of  the  cost  and 
dimension  of  openings  would  be  accomplished  in  design.  New  marina's  are 
also  being  proposed  at  the  confluence  of  the  Pines  and  Saugus  River.  The 
size  of  the  vessels  proposed  for  these  marinas  may  also  have  a  bearing  on 
the  width  of  the  final  navigation  gate,  as  will  other  factors  to  be 
considered  in  fined,  design. 

Flushing  Gate  Selection  -  Flushing  gates  would  make  up  the  rest  of  the 
8700  SF,  far  a  flow  area  or  6900  SF.  Several  types  of  gates  were 
considered  (Figure  8C) .  The  Flap  Gate  was  discarded  since  it  did  not  have 
a  positive  closure.  The  Tainter  and  Sluice  Gates  were  evaluated  further. 
Fisheries  biologist  prefer  the  largest  openings  possible  with  gates  near 
the  bottom  of  the  river,  near  the  side  of  the  channel  and  within  3  to  5 
feet  of  the  water  surface.  The  top  of  the  gates  far  maxi n» an  efficiency 
should  be  nearly  totally  submerged  at  mid  tide,  or  with  a  top  elevation  at 
EL.  0.0  FT.  NGVD.  A  variety  (types  and  sizes)  of  gates  were  cost 
estimated.  The  gates  were  sized  to  all  be  the  same  size  for  ease  of 
maintenance  and  construction.  The  bottom  elevation  was  selected  to  reduce 
the  amount  of  dredging,  as  much  as  possible,  yet  be  spread  out  along  the 
flow  area  of  the  river  to  facilitate  fish  passage  and  natural  flow 
conditions.  The  type,  number  and  size  of  gate  found  to  be  most  economical 
and  which  also  appeared  to  avoid  significant  impacts  on  biota  in  the  area 
of  the  floodgate  structure  were: 

Ten  Tainter  Gates  for  Alignments  1,2  and  5  which  would  provide  50  foot 
long  (or  eight  62.5  foot  long  for  Alignment  3  and  4)  and  14  foot  high 
openings  from  EL.  0.0  ft.  NGVD  at  the  top  and  EL.  14.0  ft.  NGVD  at  the 
bottom  for  a  total  flew  area  of  7000  SF.  (with  the  navigation  gate  8800 
SF) .  The  Tainter  gate,  is  the  type  of  gate  which  the  Study  Permittee's 
visited  at  the  Fox  Point  Project  in  Providence,  Rhode  Island,  but  not  as 
high.  Each  of  those  gates  were  40  feet  by  40  feet  and  in  the  open 
position  would  allow  boat  traffic.  The  cost  of  5  tainter  gates 
obstructed  using  a  braced  cofferdam  is  compared  in  Table  15  to  35  -  (10'x 
10')  sluice  gates  using  a  cellular  cofferdam  which  provide  the  same  flow 
area. 

Tco  Elevation  Floodgate  Structure  -  The  top  of  the  floodgate  structure 
at  EL.  13  to  15  ft.  NGVD  (100  yr.  to  SFN  design)  would  be  3  feet  above  the 
Design  Stillwater  Tide  Level  (DSWL)  based  on  the  top  of  runup  and  about 
8-10  feet  above  mean  high  tide,  and  3-5  feet  above  the  1978  Stillwater 
tide.  The  top  elevations  for  structures  in  the  Regional  Plan  are  shown  in 
Table  16.  These  gates  would  be  held  open  in  the  up  position  and  closed  in 
about  15  to  20  minutes  to  close  off  a  flood  tide. 
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TABLE  15 


OQgr  OCMPARISCN  -  Tainter  vs.  Sluice  Gate 
(^Millions) 

Flushing  Gate  Tainter  Gates  Sluice  Gates 


Gates  (3500  SF) 
Ocncrete 
Bearing  Piles 

Cofferdams  (Compared) 


TOTAL 


$  3-9  (5  ea.) 

3.2 
2.8 
$  9.9 

Braced  $2.9 


$  6.2  (35  ea.) 

5.2 

$  14.0 

Cellular  $8.0 


Gated  Size  Sensitivity  -  The  tainter  gate  was  selected  over  the  sluice 
gate  after  ocxqparing  the  cost  of  similar  gated  area.  The  size  or 
dimensions  of  the  14'x  50'  tainter  gates  Mere  established  by:  meeting  the 
6900  SF  flew  area,  top  elevations  held  at  a  minimm  EL.  0  and  then 
selecting  a  bottom  of  sill  at  or  below  the  hydraulically  required  EL.  -10 
ft.  NGVD.  Based  on  the  river  profile  to  minimize  dredging,  a  gate  sill  of 
EL.-  14  was  selected.  Other  dimensions  were  considered,  including  a  gate 
top  elevation  at  mean  high  water  (EL.  5) ,  and  also  a  gate  top  elevation  to 
EL.  15,  the  design  top  elevation  of  the  structure.  All  other  dimensions 
would  remain  the  same,  with  a  width  of  50  feet  and  sill  at  EL.-  14.  The 
additional  cost  to  raise  the  10-tainter  gates  to  a  top  of  EL.  5  would  be 
about  $2  million  less  a  savings  in  reinforced  concrete  of  about  $  0.4 
million.  The  net  increased  cost  would  be  about  $1.6  million.  The 
additional  cost  for  a  top  of  gate  at  EL.  15  would  be  about  $6  million  less 
$1  million  in  concrete,  or  a  net  $5  million  increase. 

At  the  time  of  gate  size  selection,  there  was  no  overriding  reason  to 
select  gates  higher  than  EL.  0,  and  keeping  the  gates  as  low  as  possible 
for  aesthetic  reasons  was  important.  Subsequent  evaluation  of  the  gates 
indicates,  they  may  need  to  be  raised  a  few  feet  to  reduce  flow 
construction  at  EL.  0.  Also  other  concerns  have  included  potential 
adverse  affects  an  fish  passage  with  water  above  EL.  0,  the  passage  of  ice 
through  the  openings  at  water  levels  near  or  above  EL.  0  and  sea  level 
rise.  During  design  these  factors  would  be  considered  in  developing  final 
dimensions.  The  additional  cost  of  raising  the  gates  to  mean  high  water, 
or  about  $1.6  million,  is  well  within  the  total  contingency  for  the 
flushing  gates  at  $5.5  million.  The  sill  elevation  and  width  can  also  be 
varied  during  design  to  achieve  the  most  efficient  flow,  cost  and  address 
the  various  concerns. 

• 

Floodgate  Alignments  -  Five  alternate  floodgate  alignments  were 
considered,  as  shewn  on  Plate  14. 

(1)  Alignment  #1  -  located  about  500  feet  east  of  the  MDC  Public 
fishing  Pier.  The  structure  would  tie  into  the  required  Lynn  Harbor  dike 
to  the  north  and  into  the  Point  of  Pines  wall  to  the  south. 
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(2)  Alignment  #2  -  located  about  700  feet  east  of  the  General 
Edwards  Bridge,  or  100  feet  east  of  the  MDC  Pier.  The  floodgate  structure 
would  span  the  1275  width  of  the  Saugus  River  and  tied  into  the  Lynn 
Harbor  dike  to  the  North  and  Point  of  Pines'  wall  to  the  South. 

(3)  Alignment  #3  -  located  about  100  to  150  feet  east  of  the 
General  Edwards  Bridge.  The  floodgate  structure  would  tie  into  the  Lynn 
Harbor  dike  to  the  north.  At  the  south  end  it  would  tie  into  the  bridge 
embankment. 

(4)  Alignment  #4  -  located  about  100  to  150  feet  west  of  the 
bridge.  The  floodgates  would  tie  into  the  bridge  embankment  at  each  end. 

(5)  Alignment  #5  -  located  about  500  feet  west  of  the  bridge'.  The 
floodgates  would  tie  into  the  shore  which  would  require  walls  or  dikes 
along  the  banks  to  the  bridge  embankment  at  each  end. 

The  layout  of  the  gates,  that  is,  the  number  of  gates  north  and  south 
of  the  navigation  gate  depends  on  the  Alignments  1  through  5  and  the  river 
bottom.  For  each  alignment  the  gates  are  positioned  along  the  river 
bottcm  for  the  least  amount  of  dredging  to  reach  EL.  -  14  the  bottom  of 
the  flushing  gates.  The  navigation  gate  was  centered  cn  the  proposed 
Federal  Navigation  Channel.  For  Alignments  3  and  4  on  each  side  of  the 
bridge,  the  gates  are  centered  between  the  bridge  piers  to  reduce  flow 
inpact  on  piers.  The  following  describes  each  alignment. 

.  Alignment  #1  (See  Plate  15)  -  The  total  length  of  the  floodgate 
structure  is  1600  feet  from  the  Lynn  bulkhead  to  the  Point  of  Pines  (POP) 
seawall  at  Wadsworth  Ave.  No  relocations  would  be  required.  There  is 
concern  whether  the  gates  would  cause  erosicn  of  the  dunes  at  Point  of 
Pines.  The  alignment  reduces  concerns  for  current  inpacts  at  the  POP 
Yacht  dub.  Alignment  1  would  have  all  10-Flushing  gates  cn  the  Lynn  side 
of  the  navigation  gate. 

•  Alignment  #2  (See  Plate  16  &  16A)  -  The  total  length  of  the 
floodgate  structure  is  about  1300  feet  from  the  Lynn  bulkhead  to  POP's 
seawall  at  Witherbee  Ave.  The  MDC  fish  pier  may  need  to  be  removed  if  it 
is  impacted  by  currents  from  the  gates.  If  in  design  it  would  need  to  be 
removed,  fishing  activity  is  expected  to  be  replaced  by  use  of  the 
floodgates  structure.  Alignment  2  would  have  one  flushing  or  Tainter  -  50 
f'.  ot  wide  gate  on  the  Revere  side  of  the  navigation  gate  and  nine  - 
Flushing  (50  foot  wide)  gates  on  the  Lynn  side. 

.  Alignment  #3  (See  Plate  17)  -  The  total  length  of  the  floodgate 
structure  is  1400  feet  from  the  Lynn  bulkhead  to  the  south  bridge 
abutment.  An  additional  400  feet  of  dike  is  needed  along  the  Lynn 
bulkhead.  Relocation  of  part  of  the  Point  of  Pines'  Yacht  Club  moorings 
and  the  area's  drainage  system  is  required.  A  three  foot  layer  of  stone 
and  gravel  is  needed  for  protection  around  and  between  the  bridge  piers, 
after  possibly  relocating  the  utility  cables  under  the  bridge.  A 
temporary  marina  would  be  built  for  about  30  vessels  which  could  not  pass 
under  adjacent  spans  (Clearance  20  feet  at  MHW)  of  the  bridge  when  the 
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lift  span  section  of  the  bridge  and  navigation  channel  is  closed  for  one 
and  a  half  years  during  construction.  General  Electric  would  spend 
additional  funds  to  transport  their  fuel  by  truck  since  their  tankers 
could  not  use  the  channel  during  this  period.  A  temporary  channel  would 
need  to  be  provided  between  adjacent  spans  of  the  bridge  during  the 
construction  of  the  navigation  gate.  Same  modification  to  the  General 
Electric  salt  water  intake  pier  may  be  required  to  facilitate  temporary 
navigation  passage.  Working  this  close  to  the  bridge  is  bound  to  cause 
delays  in  construction  activities.  Alignments  3  and  4  would  have  eight 
62.5  foot  wide  gates,  three  on  its  Revere  side  and  five  on  the  Lynn  side. 

.  Alignment  #4  (See  Plate  18)  -  The  total  length  of  the  structure 
is  1350  feet.  An  additional  700  feet  of  dike  is  needed  along  the  Lynn 
bulkhead  on  the  east  side  of  the  bridge.  Stone  protection  and  cable 
relocation  is  required  under  the  bridge.  It  is  expected  that  all  or  part 
of  both  the  General  Electric  pipeline  pier  would  need  to  be  relocated 
during  construction  A  temporary  marina  is  required  and  trucking  of 
General  Electric7 s  fuel.  Additional  sub-surface  utility  cables  at  the 
alignment  may  also  need  to  be  relocated.  Higher  real  estate  inpacts  would 
result  at  each  abutment  due  to  existing  or  potential  commercial 
developments,  and  the  limited  access  at  one  or  both  abutments.  There 
would  be  delays  in  navigation  passage  during  the  one  year  construction  due 
to  restricted  passage  and  sharp  turns  in  a  temporary  channel  through  the 
bridge.  The  Lynnway  drainage  system  would  be  relocated  to  outlet  behind 
the  gates  to  provide  the  city  drainage  during  storm  conditions. 

Alignments  No.  4  and  No.  5  would  not  protect  the  General  Edwards  Bridge 
piers,  girders  or  abutments  during  storm  conditions.  The  north  and  south 
road  girders  hang  lew  at  EL.  11  ft.  NGVD  -  well  within  the  wave  limits  of  a 
10  year  tidal  storm. 

.  Alignment  #5  (See  Plate  19)  This  floodgate  structure  is  1620 
feet  long  from  the  south  riverbank  to  the  Gen.  Electric  pipeline  pier.  In 
addition  about  1600  feet  of  additional  shoreline  protection  is  needed 
along  the  south  abutment  to  the  bridge  and  from  the  north  abutment  past 
the  bridge  to  Lynn  Harbor.  Relocation  of  the  Iynnway  drainage  system 
wer  J.d  be  included  as  well  as  the  Gen.  Edwards  pier  which  is  too  close  to 
the  gates  due  to  impacts  from  currents.  The  alignment  would  also 
interfere  with  a  proposed  expanded  marina  in  this  area. 

The  General  Electric  would  need  to  truck  their  fuel  due  to  a 
restricted  channel  during  construction.  The  General  Electric  pipeline 
wa  Id  require  some  modification  since  it  is  along  the  dike  alignment. 
Impacts  along  both  riverbanks  to  commercial  real  estate  would  be 
significant  due  to  limited  access  and  especially  through  new  development 
planned  an  the  south  abutment.  Delays  in  the  passage  of  400  vessels 
through  the  initial  one  year  construction  site  can  be  anticipated  as  with 
Alignments  3  and  4.  Aligrxnent  5  would  above  ten-50  foot  wide  gates  with 
five  on  each  side.  The  concrete  structure  housing  the  gates  would  be 
connected  to  the  shore  with  either  a  concrete  wall  or  stole  faoed  dike. 
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PLATE  19 

Floodgate  Dike  vs.  Gravity  Wall  Post  Occparison  -  The  floodgate  structure 
far  Aligments  l  and  2  ties  into  the  Point  of  Pines  wall  along  Rice  Ave. 

A  steel  sheet  pile  I-wall  with  a  concrete  cap  is  used  far  the  100  foot 
length  of  structure  connecting  to  the  Rice  Ave.  wall.  The  100  foot  length 
is  needed  to  run  along  side  an  earthen  rasp  access  from  Rice  Ave.  to  the 
top  of  the  floodgate  structure.  Between  the  I-Wall  and  Revere  Flushing 
Gate,  a  distance  of  about  305  feet,  three  alternatives  were  evaluated: 

a)  a  140  foot  gravity  wadi  and  165  foot  dike. 

b)  a  305  foot  gravity  wall. 

c)  a  305  foot  dike  and  retaining  wall  at  the  flushing  gate. 

Alternative  (a)  had  the  lowest  cost  with  a  dike  cost  of  $737,000  plus 
the  gravity  wall  at  a  cost  of  $1,968,000.  The  wall  cost  was  estimated 
from  a  wall  section  29  feet  above  the  river  bottom. 

If  foundation  conditions  during  design  should  determine  the  dike 
section  is  not  technically  feasible,  it  could  be  replaced  by  a  gravity 
wall  averaging  15  feet  high  above  the  river  bed.  The  additional  165  foot 
length  of  wall  would  cost  about  $1.2  million,  or  increase  the  project  cost 
about  $460,000  -  about  a  0.7%  increase  in  project  cost. 

Floodgate  Operation  -  The  openings  and  operation  of  the  floodgates  are 
being  designed  so  that  there  would  be  no  significant  inpact  on  the  ecology 
of  the  estuary  or  navigation  with  gates  in  the  open  or  closed  condition. 

Gates  Open  Condition  -  The  8800  square  feet  of  gated  openings  meet  the 
navigation  and  estuary  criteria.  All  gates  would  remain  open  about  99.9 
percent  of  the  time  -  except  for  6  to  10  hours  per  year.  With  the  gates 
open  during  the  year,  non-storm  high  tides  normally  rise  to  about  EL.7.5 
Ft.  NGVD  with  no  significant  change  to  the  estuary.  From  topographic 
mapping  and  marsh  profiles  the  vegetated  marsh  surface  ranges  between 
about  EL. 4  to  6.  The  tidal  wetlands  would  be  covered  during  typical 
closures  at  elevation  7.0  feet  NGVD,  as  field  investigations  determined 
all  of  the  tidal  wetland  is  contained  below  this  level. 

(a)  With  gates  open  there  would  be  no  significant  change  in  tide 
levels  (0.05  ft.  or  less  drop) ,  or  volume  of  salt  water  flushing  (average 
0  to  max.  1%  less  volume) .  (If  1-95  embankment  is  totally  breached  by 
others,  normal  tides  could  rise  about  one  half  foot  in  Revere  to  one  foot 
in  Saugus  upstream  of  1-95,  and  estuary  volume  increase  about  10%)  however 
this  is  not  expected  to  occur.  Another  10%  increase  would  result  from  a 
one  foot  sea  level  rise. 
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(b)  In  the  estuary,  upstream  of  the  gates,  no  significant  change  in 
currents,  salinity  or  water  quality  is  expected  due  to  negligible  changes 
in  tides  and  flushing. 

(c)  Maximum  average  currents  during  a  Mean  Tidal  Range  would  range  from 
about  1.3  feet  per  seccnd  (0.8  knots)  today  at  the  bridge  to  about  1.7  fps 
(IK)  at  the  N4  tide  gates.  Changes  in  river  currents  would  be  analyzed 
during  design.  (The  Pines  River  at  Rt.  107,  maximum  currents  today,  are 
about  (1.7K)  during  a  Mean  Tidal  Range.) 

(d)  At  the  tide  gates,  maximum  average  currents  during  a  Mean  Spring  Tidal 
range  would  be  about  2.1  fps  and  at  the  bridge  1.7  fps.  (The  Blynman 
Canal  entrance  to  Gloucester  Harbor  for  this  range  is  3.3  K  or  about  5.6 
fps  for  ccnpariscn  by  those  who  navigate  this  harbor.) 

(e)  The  original  navigation  current  criteria  of  Not  to  Exceed  About  3 
Knots  for  this  project  would  be  met  for  the  Predicted  Hi^i  Astronomic  Tide 
Range.  In  order  for  vessels  to  navigate  with  or  against  a  3K  current, 
they  would  need  to  increase  their  speed  about  40%  or  4.2  K  for  adequate 
control.  Navigation  is  posted  at  5  miles  per  hour  (or  4.3  K)  near  the 
General  Edwards  Bridge.  Slightly  higher  currents  at  the  gates  should  not 
pose  a  significant  problem  to  navigation  since  the  reported  capability  of 
lobster  boats  is  8  to  10  K  and  sail  boats  is  5  to  6  K.  The  fuel  barge  and 
tanker  which  service  General  Electric  have  a  capability  of  9K.  The  fuel 
dispatcher  reported  that  a  3K  current  during  midHzide  would  not  be  a 
problem  through  the  100  foot  navigation  gate.  Currently,  the  barge  and 
tanker  enter  the  river  at  high  tide  and  depart  a  half  hour  before  the 
following  high  tide  due  to  river  depth  restrictions.  (Currents  approach 
"0"K  at  high  tide) .  If  the  gates  are  far  enough  away  from  a  yacht  club, 
the  currents  should  not  pose  a  problem  to  cutting  across  currents.  In  the 
navigation  opening,  mode},  studies  will  determine  if  any  vessel  would  have 
a  problem. 


.  Gates  Closed  Condition  -  Gates  would  be  closed  if  the  ocean 
tide  was  expected  to  rise  to  or  above  8  feet  NGVD  (est.  start  of  damages) 
or  above,  and  generally  speaking  the  gates  would  probably  close  at  about  7 
feet  NGVD  for  storage  of  interior  runoff.  However,  consideration  will  be 
given  to  occurrence  of:  light,  moderate,  or  heavy  rainfall,  wind 
direction  and  velocity  (because  of  estuary  wave  action  and  wind  tide) , 
below  freezing  temperatures  (icy  streets) ,  snowbanks  (street  drainage) . 
Additionally,  if  an  unusually  severe  storm  event  was  expected  with 
hurricane  or  near  hurricane  force  winds,  the  floodgates  would  probably  be 
closed  at  somewhat  lower  elevations.  Closure  would  be  estimated  to  occur, 
based  on  a  review  of  observed  storm  tides,  between  2  and  3  times  per 
year.  Table  17A  shows  the  56  times  from  1976  to  1986  when  tides  reached 
or  exceeded  EL. 7. 5  in  Boston.  The  gates  would  have  been  closed  about  half 
the  times,  e.g.  28  times  in  eleven  years  or  an  average  about  2  to  3  timet 
per  year  as  shown.  The  gates  would  generally  be  closed  from  mid-October 
to  mid-February. 
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Note:  Preliminary  estimates  indicate  that  the 

floodgates  would  be  closed  for  about  half 
of  these  events,  generally  from  mid-October 
to  mid-February. 


(a)  FREQUENT  STORMS:  90%  of  all  storm  tides:  reaching  EL.  8  to  EL.  9  ft. 
NGVD.  Each  closure  would  occur  when  the  ocean  reached  about  EL.  7  ft. 

NGVD  and  remain  closed  for  1  to  2  hours  until  the  tide  drops  to  about  EL. 
7.  With  2  to  3  closures  per  year,  gates  would  be  closed  a  total  of  about 
6  to  10  hours  per  year,  or  0.1  percent  of  the  time. 

1)  Tides  ranain  in  the  estuary  and  wetlands  are  submerged  about  the 
same  length  of  time  as  natural  conditions. 

2)  No  significant  changes  in  water  quality,  salinity  or  currents 
would  be  anticipated  to  occur  with  frequent  storms,  with  these  more 
frequent  operations  little  storage  of  interior  runoff  would  occur  during 
closure.  Generally,  one  foot  of  storage  would  be  made  available  (between 
Elev.  7.0  and  8.0  ft.  NGVD). 

(b)  RARE  STURMS:  Rare  storms,  those  exceeding  a  Stillwater  tide  elevation 
of  9  feet  NGVD,  include  10  percent  of  all  storm  tides.  A  rare  storm  event 
such  as  the  100  year- 1978  storm  with  a  Stillwater  tide  elevation  of  10.3 
ft.  NGVD,  would  likely  occur  once  in  100  years.  The  gates  would  have  been 
closed  during  the  peak  of  the  latter  four  consecutive  high  tides  during 
the  storm.  Maximum  closure  would  have  lasted  about  six  hours  during  each 
of  the  two  peak  tides.  The  total  time  gates  would  have  been  closed  during 
the  four  high  tides  would  be  about  20  hours.  This  total  closure  time 
occurring  about  once  in  100  years  represents  a  very  small  percent  of  the 
time,  about  0.01  percent. 

During  the  rarer  severe  coastal  storms  and  hurricanes,  more  interior 
storage,  ranging  from  EL.  7  to  a  maxinum  of  EL. +2  could  be  made  available 
for  the  storage  depending  cn  the  volume  of  interior  runoff  and  tidal 
overtopping  expected,  by  closing  the  gates  at  lower  than  7.0  ft.  NGVD. 

Water  (Xw^fy  and  Estuary  Dynamics  -  with  the  selection  of  the  8700  SF 
gated  area  (N4)  below  EL. 0.0  ft.  NGVD,  there  would  be  no  significant 
changes  in  flushing  or  tide  levels  up  to  about  a  two  foot  sea  level  rise 
(Tables  18  &  19) .  The  gates  would  initially  remain  open  99.9  percent  of 
the  time,  although  close  more  frequently  with  sea  level  rise  (Table  17B) . 
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Gate  Closure  with  Over  100  years 

Sea  Level  Rise  with 

§Eb  I£VEL  ELSKQF 


Today 

Lft. 

2  ft.,, 

Average  Yearly  Closures: 

2-3 

35-45 

175-225 

Typical  Period  of  gate  Closure:  (Hrs) 

1-2 

2-3 

3-4 

Percent  of  Time  Open:  (Approx.) 

99.9% 

99% 

92% 
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TABLE  IS 

Existing  Condition 
Change  in  Estuary  with  Gates 


GATE  SCHEME 


M2 

N4 

Gated  Flow  Area  (SF) 

5200 

8700 

Change 

in  Estuary  High  Tide  Levels 

-0.05 

Nil 

Change 

in  Estuary  Low  Tide  Levels  (Ft.) 

Nil 

Nil 

Change 

in  estuary  Flushing  Volume  (%) 

-0.5  to  -3.0 

Less  than 

0.1% 


TABLE  12 

Estuary  Flushing  With/Without 
Gates  and  Sea  Level  Rise 

Percent  Change  in  Estuary 
Flushing  Volume 

Closure  §  EL. 7.5+ 
Without  With  Gate 

Project  Scheme  N4 


2087 

Mean 

Max. 

Mean 

Max. 

Range. 

Ranae, 

(feet) 

(50%) 

(.01%) 

(50%) 

(0.01%) 

Project  Historic  Rise  0.8 

+  9% 

+15% 

+  9% 

-  2% 

NRG  Case  I  1.6 

+  22 

+34 

+22 

-  4 

NRC  Case  II  2.9 

+  56 

+60 

+42 

-  8 

NRC  Case  III  4.2 

+100 

+80 

+29 

-14 

If  indications  are  in  a  few  decades  that  a  two  foot  rise  or  mote  will 
occur  over  the  project  life,  the  project  would  need  to  be  investigated  to 
determine  those  changes  in  the  project  needed  to  maintain  a  high  level  of 
protection.  Decisions  would  need  to  be  made  whether  to  raise  structures 
along  the  Lynn  and  Revere  shore;  whether  to  continue  frequent  closures,  or 
to  construct  one  to  two  foot  high  earth  berms  or  walls  around  developed 
areas.  This  would  raise  the  start  of  damages  and  reduce  the  number  of 
closures.  The  one  foot  rise  can  be  expected  over  the  next  100  years, 
however  a  two  foot  or  higher  level  of  rise  are  speculative,  and 
considerable  information  is  needed  to  predict  accelerated  rise  with  any 
degree  of  accuracy. 

Thus  in  the  open  condition  there  should  be  no  significant  impact  on 
water  quality  for  a  reasonable  rate  of  rise.  In  the  closed  condition,  the 
gates  would  be  closed  for  such  a  a  short  period  of  time,  that  any 
concentration  of  pollutants  should  be  dispelled  when  gates  are  opened  and 
the  estuary  flushes. 

Normally  very  little  runoff  or  precipitation  aoocrpanies  a  coastal 
storm,  if  it  does,  normally  snow  or  light  precipitation  would  acccnpany  a 
Northeaster.  There  is  a  very  rare  chance  a  10%  runoff  would  acccnpany  a 
100  year  tidal  storm.  The  Blizzard  of  '73  had  only  snow. 
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Due  to  the  low  amount  of  freshwater  normally  to  be  stored  in  the  estuary 
and  infrequency  of  any  significant  amount  of  runoff,  and  short  closure 
duration  even  with  sea  level  rise,  no  significant  inpact  should  occur  with 
gate  closure  which  is  normally  acocnpanied  by  wind  and  waves  which  would 
continue  to  mix  minimal  pollutants  in  the  estuary. 

Flood  Storage  in  the  Estuary  -  in  order  to  effectively  operate  the 
floodgate  plan  without  causing  damages,  it  is  necessary  to  assure  the 
preservation  of  the  needed  storage  area  around  the  estuary  during  storm 
conditions  of  high  tides  which  my  be  acccnpanied  by  significant  runoff 
from  the  watershed  and  wave  overtopping.  Although  a  significant  amount  of 
runoff  rarely  accompanies  a  coastal  storm,  the  project  is  nevertheless 
designed  to  accommodate  various  "design  conditions"  of  "Interior  Storage 
Capacity  Requirements 11  from  extreme  high  tides  accompanied  by  high  runoff 
events.  Table  20  shows  the  hydrologic  design  criteria  adopted  for  the 
100  year,  500  year  and  SIN  design  tides  and  the  estimated  time  of  may-imim 
gate  closure  for  one  tide.  The  "wave  overtopping"  includes  the  shorefrcnt 
at  the  North  end  of  Revere  Beach  and  at  Point  of  Pines.  The  volume  of 
interior  runoff  from  the  Saugus  River  measured  just  below  the  Saugus  Iron 
Works  and  from  local  drainage  areas  is  shown  by  either  the  frequency  of 
runoff  (io%  or  10  year  run  off,  2%  or  50  year,  and  to  1%  or  100  year)  or 
by  inches  of  runoff.  For  the  SIN  Design  Storm  an  estimated  5800  acre  - 
feet  (Ac-Ft. )  of  storage  would  be  needed  and  a  closure  at  El.  +2  would 
likely  result.  Total  available  storage  to  EL.  8  is  currently  about  6000 
Ac  -  Ft.  With  protection  of  the  estuary  to  the  EL.  7  contour  line  would 
assure  at  least  5400  AF  of  storage. 

The  EL.  7  contour  line  was  selected  since  it  generally  falls  along  the 
banks  bordering  the  estuary.  The  EL.  8  contour  reaches  developed 
properties,  and  regulatory  control  to  that  limit  would  likely  cause 
problems  to  property  owners.  The  EL. 7  contour  includes  about  1500  acres 
around  the  open  estuary.  The  1500  was  determined  from  aerial  photo 
interpretation  of  the  water  surface.  There  my  be  another  50  Acres  within 
the  EL.  7  contour  of  the  estuary  where  the  water  surface  was  not 
discernible  on  aerial  photos.  (Note:  There  is  about  another  100  acres  of 
estuary  (for  a  total  of  about  1650  acres)  which  is  partially  land  locked 
and  not  included  in  the  1550  acres) .  The  methods  of  protecting  the 
storage  area  are  explained  in  the  main  report. 

TART  FI  20 


INTERIOR  STORAGE  CAPACITY  F 


Gate  Closure: 
Saugus  River 
Inflow  (26  sq  mi) 


1%  (100  yr) 
Design  Tide 
4.5  hours 
340  Ac-Ft 
(10%Q=900ofs) 


0.2%  (500  yr) 
Design  Tide 
5.5  hours 
600  Ac-Ft 
(2%Q=1300) 


SFN 

Design  Tide 
6  hours 
750  Ac-Ft 
( 1%Q=1500) 


Local  Runoff 
(21  sq  mi) 


1650  Ac-Ft 
(2.2"  R.O. ) 


3100  Ac-Ft 
(3.1"  R.O.) 


3500  Ac-Ft 
(3. 5"  R.O.) 


Wave  Overtopping 
TOTAL 


325  Ac-Ft 
2300  Ac-Ft 


690  Ac-Ft 
4400  Ac-Ft 


1560  Ac-Ft 
5800  Ac-Ft 
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Hie  protection  of  the  Saugus  River  tidal  estuary  storage  is  important 
far  hydrologic  and  hydraulic  reasons.  The  existing  storage  in  the  estuary 
is  sufficient  to  store  the  freshwater  runoff  from  the  interior  drainage 
area  of  47  square  miles  when  the  tidal  floodgates  would  be  closed  during 
nnagfrai  storms  to  protect  against  ocean  flooding.  The  large  storage 
capacity  of  the  estuary  precludes  the  need  for  an  extremely  expensive 
pusping  station. 

Recent  field  observations  taken  around  portions  of  the  estuary,  namely 
Oak  Island,  Revere  Beach  Backshore  and  the  Ballard  Street  area  of  East 
Saugus,  during  this  ongoing  feasibility  study  indicate  that  the  start  of 
significant  damage  is  about  elevation  8  feet  NGVD.  As  a  result  of  these 
observations,  the  Saugus  River  tidal  floodgates  would  be  closed  if  the 
ocean  tide  level  is  expected  to  rise  to,  or  exceed  elevation  8  feet;  and 
the  gates  would  be  closed  when  the  incoming  tide  is  at  or  below  7  feet 
NGVD.  However,  the  actual  initiation  of  closure  would  be  dependent  on  the 
severity  of  the  storm,  the  length  of  time  the  gates  would  expect  to  be 
closed,  the  anticipated  rainfall,  interior  runoff,  wind  and  wave  action 
within  the  estuary,  and  the  other  meteorologic  conditions.  During  the 
construction  phase  of  the  project  when  the  specific  regulation  procedures 
will  be  prepared,  additional  detailed  field  investigators  would  be 
undertaken  to  refine  the  start  of  damage  elevation. 

In  addition,  it  is  anticipated  that  this  proposed  method  of  operation 
will  not  have  adverse  inpact  on  navigation,  the  existing  marsh  vegetation 
or  wildlife,  and  very  little  or  no  impact  on  water  quality.  The  proposed 
navigation  gate  width  of  100  feet  plus  the  ten  50  feet  wide  tainter  gate 
openings  will  be  model-tested  by  the  waterways  Experiment  Station  during 
the  design  phase  to  insure  there  will  be  no  significant  inpacts  cn 
navigation,  the  existing  tidal  flushing  and/or  water  levels  within  the 
estuary. 


There  are  several  items  which  the  project  needs  included  in  the  local 
assurances.  The  first  is  to  insure  that  an  adequate  amount  of  existing 
interior  storage  capacity  is  protected  for  future  operational  purposes. 
This  does  not  state  that  filling  of  the  floodplain  cannot  occur;  however, 
oonpensating  storage  has  to  be  provided.  It  is  also  noted  that  storage  in 
the  estuary  is  based  on  area-capacity  curves  developed  during  the  study, 
and  that  refinements  to  area-capacity  curves  would  be  made  during  the 
design  phase  when,  more  detailed  mapping  is  available. 

It's  recognized  that  once  the  floodgate  structure  is  built  and  is 
being  operated  to  prevent  flooding  at  or  above  8  feet  +NGVD  -  that  FEMA 
and/or  the  local  ccmnunities  will  be  striving  to  lower  the  existing  base 
flood  level  within  the  estuary,  for  flood  insurance  purposes.  This 
attenpt  to  lower  the  base  flood  level  is  appropriate  and  the  Corps  fully 
understands  the  reason  for  FIMA  establishing  100  year  levels  for  flood 
insurance  purposes.  Most  flood  levels  are  based  on  a  statistical  array  of 
natural  occurring  events;  however,  the  area  behind  the  floodgates  is  a 
special  situation. 
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Not  withstanding  the  conservative  design  for  the  project,  it  is 
prudent  to  Unit  future  potential  flood  prone  development  around  the 
estuary  as  well  as  minimize  future  adverse  impacts  on  project  operations 
from  these  new  developments,  by  assuming  a  "safety  freeboard"  zone  that  is 
a  little  higher  than  the  project's  operating  criteria.  Several  reasons 
far  this  approach  will  include: 

a.  Storm  rainfall  significantly  exceeding  the  forecast  rainfall  when 
the  gate  is  closed.  In  July  1987,  the  nearby  Quincy/Milton  area 
experienced  torrential  rainfall  of  about  6  inches  in  2  hours.  This 
intense  rainfall,  which  was  not  forecast,  caused  serious  flood 
conditions. 

b.  Accident,  delay  or  health  problems  of  personal  traveling  to  staff 
the  floodgates  during  off-duty  hours  which  may  delay  closure  until 
backup  personnel  reach  the  floodgates. 

c.  Storm  surge  significantly  greater  than  forecast  because  of 
unexpected  localized  storm  conditions. 

d.  low  street  levels  with  inadequately  designed  storm  drainage. 

With  all  of  the  above  as  background,  and  tempered  with  about  25  years 
of  operating  experience  at  other  tidal  flood  control  structures  in  all 
kinds  of  weather,  it  is  necessary  that  any  new  residential,  ocmnercial  or 
industrial  developments  bordering  the  tidal  estuary  have  first  floor 
elevations  not  less  than  +9.0  feet  NGVD  and  minimum  lot  elevations  not 
less  than  +8.5  feet. 


Revere  Beach  Features  -  Features  along  Revere  Beach  are  shown  in  the  Main 
Report  and  include  3920  feet  of  structures.  Heights  of  protection  are 
shown  on  Table  5. 

The  existing  walls  and  beach  along  Revere  Beach  from  El  at  Circle  to 
Carey  Circle  must  be  maintained  to  assure  no  future  erosion  of  the  beach 
and  overtopping  in  Reaches  A  and  C,  or  increased  overtopping  in  B  and  D. 

•  Reach  K  -  A  tide  gate  on  Sales  Creek,  Plate  20,  is  required  where 
it  passes  under  Revere  Beach  Parkway  to  protect  the  Crescent  Beach  or 
Garfield  School  area  against  flooding  from  tides  reaching  EL.  10.3, 
currently  a  100  year  event.  Higher  tides  than  EL.  10.3  flooding  Sides 
Creek  would  begin  to  flow  over  Revere  Beach  Parkway.  Walls  or  dSicww  to 
prevent  flews  over  the  parkway  are  not  economically  justified  oenpared  to 
damages  prevented.  This  economic  comparison  is  shown  later  in 
"Optimization  of  the  Project". 
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.  META  closure  -  Tides  exceeding  EL.  10.3,  although  rare,  would  flood 
the  Garfield  School  area.  To  prevent  flooding  from  extending  into  the 
Ocean  Avenue  and  Wonderland  areas,  a  ’’Tenporary  closure"  40  feet  wide 
would  be  required  across  the  MBIA  Blue  Line  tracks  as  they  pass  under 
Shirley  Avenue  or  Beach  Street,  Plate  21.  The  tracks  are  between  EL.  7  to 
8  while  the  500  year  and  SEN  flood  levels  in  the  Garfield  School  area  are 
about  EL. 8. 6  and  EL.  10,  respectively.  The  closure  would  need  to  be  at 
least  two  to  three  feet  high  for  these  everts.  An  additional  two  to  three 
feet  of  bags  should  be  available  for  the  freeboard  range.  A  mare 
permanent  type  gate  closure  would  be  considered  in  design. 

.  Park  Dike  -  Extensive  overtopping  occurs  over  the  seawall  in  Reach 
B  from  north  of  the  Beach  Street  Pavilion  to  and  including  the  Revere 
Street  South  Pavilion  #5  due  to  the  eroded  condition  of  the  beach. 
Alternatives  investigated  for  the  Revere  Beach  Backshore  LFP  to  reduce 
overtopping  were:  raising  the  vacant  park  land  behind  the  wall, 
breakwaters  500  feet  in  front  of  the  wall,  an  armor  stone  revetment  in 
front  of  the  wall,  raising  the  existing  wall,  and  widening  the  beach 
beyond  that  designed  for  the  authorized  Beach  Erosion  Control  Project. 

The  most  economically  feasible  and  acceptable  option  was  raising  the 
parkland  behind  the  wall.  Reaches  B5  and  B7  are  vacant  parkland  from 
Beach  St.  to  Revere  St. ,  bounded  by  Ocean  Avenue  and  Revere  Beach 
boulevard,  except  far  the  MDC  Police  Station  and  bath  house.  The  Master 
Plan  for  the  Reservation  also  includes  raising  the  parkland.  This  feature 
called  the  Park  Dike  would  be  constructed  high  enough  so  that  water 
overtopping  the  existing  seawall  would  flow  back  out  over  the  wall.  Also 
included  is  a  ramp  on  the  Boulevard  at  the  south  end  of  the  dike  and 
raising  the  Revere  Street  intersection  at  the  north  end  to  contain  the 
water.  Retaining  walls  would  be  built  to  tie  the  dike  into  each  side  of 
the  police  station.  At  the  north  side  of  the  station,  a  ramp  would  pass 
over  the  dike  for  police  access.  Landscaping  with  tree  replacement,  lawn 
and  shrubs  is  included.  There  are  8.5  acres  of  vacant  land  which  would  be 
used  for  this  Federal  project  and  is  owned  by  the  MDC. 

.  Reach  D  Ponding  Area  -  There  is  no  problem  with  overtopping  along 
most  of  Reach  C,  Plate  22.  At  the  north  end  of  Reach  C,  a  300  foot 
stretch  of  beach  has  eroded  probably  due  to  erosion  at  the  adjacent  1500 
feet  of  concrete  steps  in  Reach  Dl,  Plate  23.  Both  areas  were  overtopped 
in  1978  and  rather  than  raise  the  walls  higher,  a  storage  area  behind  the 
hemes  along  the  boulevard  can  be  protected  to  store  the  water. 

The  existing  pending  area  behind  the  homes  along  Revere  Beach 
Boulevard  (Reach  D)  provides  natural  storage  for  drainage  in  the  area. 
Overtopping  from  the  beach  seawall  also  flows  into  this  storage  area.  If 
the  capacity  of  the  storage  area  is  exceeded  due  to  extreme  overtopping  of 
the  seawall,  water  would  then  flow  freely  over  North  Shore  Road  and  into 
the  Pines  River.  The  floodgates  would  control  the  height  of  the  Pines 
River  at  about  two  feet  below  the  road  surface  during  coastal  storms. 

The  total  pending  area  is  about  20  acres,  located  between  North  Shore 
Road  and  the  embankment  to  the  Revere  Beach  Boulevard.  It  extends  3600 
feet  from  near  Carey  Circle  southwest  to  the  old  narrow  gage  railroad 
embankment  behind  Seaview  Condominiums.  The  major  portion  of  the  storage 
area  is  salt  water  wetlands  along  the  Eastern  Mass  Electric  Co. 
right-of-way.  Existing  state  and  Federal  laws  can  be  used  to  protect  this 
ponding  area. 


A-104 


22 


A  500  foot  long  concrete  weal  located  along  Reach  "M"  would  be 
required  along  the  top  of  the  old  narrow  gage  embankment  to  contain  the 
ponding  area.  The  wall  would  extend  to  the  Boulevard  sidewalk  along  the 
north  side  of  the  Seaview  Condo  driveway  with  possibly  capping  rather  than 
replacing  the  existing  retaining  wall.  About  a  two  to  three  foot  high 
sandbag  closure  to  the  seawall  would  help  to  assure  water  flows  down  to 
the  ponding  area  and  not  along  the  Boulevard.  A  similar  closure  would 
also  be  used  at  Carey  Circle  to  direct  the  water.  In  design,  gated 
closures  will  be  considered. 

Park  Dike  -  Parkland  Fill  vs.  Drainage 

The  construction  of  the  Park  Dike  above  without  the  additional  random 
fill  from  the  top  of  the  dike  sloping  gradually  toward  the  Bouleard  would 
leave  a  gully.  The  gully  would  trap  water  running  off  both  the  dike  and 
the  embankment  up  to  the  Boulevard.  The  additional  random  fill  to  create 
the  parkland  directs  the  water  to  runoff  into  the  Boulevard  drainage 
system. 


Without  the  additional  random  fill,  a  drainage  system  would  be  needed 
in  the  gully  running  along  the  ocean  side  of  the  dike  to  collect  the 
runoff  and  carry  it  to  the  County  Ditch.  In  addition,  sluce  gate  closures 
would  be  required,  which  would  be  closed  when  water  overtops  the  seawall 
and  pends  against  the  dike. 

The  cost  of  random  fill  (and  sidewalk  replacement)  would  naturally 
drain  the  area  and  cost  about  $500,000.  The  drainage  system,  however, 
would  cost  about  $1,800,000.  The  random  fill  for  drainage  and  parkland  is 
not  only  less  expensive  than  a  drainage  system,  but  also  provides 
recreation  benefits. 

(PCR  FIDODGATE  ALIGNMENTS  1  AND  2  ONLY) 

Point  of  Pines  Features  -  The  original  Point  of  Pines  Local  Protection 
Project  was  approved  by  the  Chief  of  Engineers  in  the  Detailed  Project 
Report  (DER) ,  dated  October  1984.  Due  to  the  inability  of  the  City  of 
Revere  to  finance  the  non-Federal  share  of  Project  First  Costs,  design  of 
the  project  was  disoontinued.  Mayor  Colella  of  Revere  in  a  letter  dated 
June  10,  1988  advised  the  Corps  the  City  was  "unable  to  oonmit  to  the 
funds  necessary  to  bear  the  local  cost  sharing  of  the  project."  (Point  of 
Pines  LPP) 

Mayor  Colella' s  letter  further  advised  that  combining  the  Point  of 
Pines  project  with  the  Selected  Plan  ". .  .would  be  strongly  supported  by 
this  office. .  .The  city  of  Revere  will  pursue  funding  assistance  from  the 
State  and  request  the  State  sponsor  of  the  Selected  Plan  to  share  the 
costs  in  an  effort  to  off-set  the  impacts  associated  with  siring  the 
regional  floodgate  structure  adjacent  to  the  Point  of  Pines." 

Tieing  into  the  Point  of  Pines  IPP  project  had  been  included  as  a 
requirement  with  Floodgate  Alignments  #1  and  #2.  Since  the  LPP  was  not 
likely  to  be  built  it  was  then  necessary  to  include  Point  of  Pines 
features  into  the  Plan  to  protect  the  integrity  of  the  Regional  Plan  for 
Floodgate  alignaents  1  and  2. 
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.  Formulation  Criteria  -  Die  Regional  Plan  was  formulated  to  tie  into 
the  Point  of  Pines  storefront  provided  the  shore  front  is  stabilized  and 
would  not  fail  to  the  point  the  free  flow  of  the  ooean  or  excessive 
overtopping  would  endanger  the  structural  integrity  or  benefits  afforded 
by  the  Regional  Plan,  Plate  24.  Also  the  shore  front  should  not  fail  for 
the  Regional  Project's  design  storm. 

In  other  words,  if  the  existing  shorefront  protection  (sand  dunes, 
walls  or  stoned  faced  embankment)  at  Point  of  Pines  were  to  fail  such  that 
the  Stillwater  level  of  the  ocean  were  to  pour  in,  this  would  result  in 
tremendous  volumes  of  water  outflanking  the  floodgate  structure  and  likely 
causing  serious  loss  of  protection  to  the  area  protected  by  the  Regional 
Flan.  Diis  cannot  be  allowed  to  happen. 

.  Analysis  of  POP's  Shorefront  - 

Reach  A:  Existing  Revere  Beach  seawall  at  Carey  Circle,  Plate  24. 
Overtopping  (O.T.)  here  affects  others  besides  Point  of  Pines.  The  wall 
is  subject  to  severe  storm  and  daily  wave  action.  A  revetment  is  needed 
to  (1)  reduce  overtopping  and  also  for  (2)  stabilizing  the  wall,  which 
is  currently  severely  deteriorating  at  the  base  along  the  front  surface. 
Die  overtopping  (O.T.)  analysis  used  a  top  of  existing  wall  at  EL.  16.5. 
Failure  of  the  wall  would  result  in  the  ground  as  the  top  elevation  at 
EL.  12,  barely  above  the  100  year  D.S.W.L.  (EL.  10.3) .  Overtopping  would 
significantly  increase  if  this  wall  failed.  A  replacement  wall  is  more 
expensive  than  a  revetment  and  at  the  same  elevation  does  not  reduce 
overtopping.  Die  wall  would  need  to  be  raised  over  10  feet.  A  revetment 
with  a  top  elevation  at  EL.  13.2  transitions  to  EL.  16  to  meet  with  Reach  B, 
and  a  slope  of  1:3  must  be  provided  to  stabilize  the  wall  and  reduce 
overtopping  which  floods  Point  of  Pines  and  other  areas. 

Reach  F:  Diis  existing  precast  wall  with  a  Top  Elevation  of  12  to 
12.9  is  along  the  Saugus  River  from  the  dunes  to  the  floodgates.  Die  wall 
must  be  raised  to  three  feet  above  the  design  Stillwater  level  (D.S.W.L.) 
near  the  gates  and  two  feet  a way  from  the  gates  for  uncertainty  in  water 
levels  from  wave  action  near  the  gates.  Also,  the  2  tc  3  feet  above 
D.S.W.L.  prevents  additional  wave  overtopping.  We  must  assure  conditions 
would  not  be  made  worse.  Die  existing  wall  foundation  is  exposed  and 
stability  is  questionable.  Die  ground  is  between  EL. 8. 5-9  behind  the  wall 
and  below  the  D.S.W.L. 's.  A  new  stable  wall  is  therefore  required. 

Reach  E:  Die  sand  dunes  are  assumed  to  fail  above  the  1978,  100  year 
event  due  to  the  deficiency  in  the  "state-of-the-art"  during  planning  to 
analyze  their  stability  for  events  which  have  not  yet  happened.  Since 
structures  should  not  fail  if  the  design  event  is  exceeded,  the  dunes 
would  be  backed  up  by  a  wall  or  revetment  for  all  three  design  events. 

Die  top  elevation  should  prevent  any  significant  increase  in  overtopping. 
Thus  design  a  wall  or  revetment  near  the  top  of  the  runup.  Also,  the 
dunes  would  be  replaced  and  protected  to  help  prevent  beach  erosion 
resulting  in  higher  rates  of  overtopping  and  the  need  for  a  larger  and 
higher  structure.  Die  top  elevation  of  the  dunes  range  from  12  or  less  in 
breached  paths  to  a  high  of  16  and  should  be  replaced  no  lower  than 
existing  top  elevations  or  above  the  revetments  enough  to  support  dune 
grass. 
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PLATE  24 


Based  an  revised  wave  heights,  the  top  of  runup  on  a  3  on  1  sloped 
revetment  for  D.S.W.L.  's  EL.10.3,  11.2  and  12  are  shewn  belcw.  The  DFR 
report  showed  a  steeper  2  an  1  sloped  revetment  increases  the  height  of 
runup  higher  than  existing  runup  in  Beaches  B,  C,  D  and  E.  In  order  to 
prevent  making  conditions  worse,  a  1:3  sloped  revetment  would  be  used  in 
Reaches  B,  C,  0  and  E,  if  required,  to  stabilize  the  shore  front. 


Reach  Length 

E  1600' 


Design  Stillwater  Level  (D.S.W.L.) 

100  vr  5QS  yr  SEN 

(EL.10.3)  (EL. 11. 2)  (EL.  12) 

1:3. Slope  Tco  of  Runup  -  EL,_  (Ft.  NGVD) 
12.9  14.7  15.6 


Bead) 


E 


TBE.QEJ 

13.0 


AT  1:3  SLOPE 
15.0  16.0 


n  -  a  concrete  cast  in  place  wall  to  EL.  15. 4.  The  beach  is  at 
EL. 6. 5  to  11,  average  9±.  Assume  the  base  of  wall  is  at  EL. 3.  The  wall 
was  stable  for  the  1978-100  year  storm  but  could  fail  far  higher  storms. 

NO  as-built  drawings  are  available  on  its  foundation.  So  as  not  to  fail 
far  500  year  and  SEN  events,  provide  toe  protection  to  stabilize  the  wall 
and  prevent  free  flow  of  the  ocean  in  to  the  area.  The  ground  also  varies 
from  EL.10.3-  11.5  behind  the  wall  which  is  near  the  100  year  DSWL.  A 
revetment  to  protect  the  toe  of  the  wall  from  scouring  out  is  needed  with 
a  top  about  EL.  14. 5  and  1  an  3  slope.  The  top  of  revetment  is  needed  at 
about  EL.  14.5  due  to  the  13  foot  thickness  of  the  rock  layers  which  should 
start  close  to  the  bottom  of  the  vail. 


Reach  C:  In  1978  the  wall  was  undermined,  rocks  supporting  the  wall 
moved  onto  the  beach,  all  fines  and  the  apron  behind  the  wall  washed  out 
and  water  poured  through  underneath  and  over  the  wall,  per  residents.  The 
wall  is  unstable  and  the  foundation  was  undermined  in  1978  and  would  again 
far  similar  or  rarer  storms. 

The  EL.  16. 4  wall  resting  on  about  a  1  on  1  sloped  rock  foundation 
needs  to  be  stabilized  to  prevent  failure  and  extensive  increases  in 
overtopping  and  erosion  of  material .  The  revetment  would  be  similar  to 
the  DER  due  to  unstable  foundation  conditions  and,  if  O.T.  occurs,  erosion 
behind  the  wall  oould  also  cause  the  wall  to  fail.  Also,  the  ground 
(EL.  12)  behind  the  wall  is  barely  high  enough  to  prevent  free  flew  at  the 
100  year  event.  If  the  road  erodes  then  free  flow  would  accelerate  in 
this  reach. 


For  the  100  year  and  higher  events  it  will  likely  fail  again.  A 
revetment  is  needed  to  EL.  16  top  and  1  on  3  slope  to  prevent  wall  failure 
resulting  in  excessive  overtopping  or  free  flow  of  the  ocean. 

R  consists  of  a  variety  of  structures  protected  by  or  consisting 
of  rock  protection  with  about  a  1  on  1  slope. 

Reach  B  needs  to  be  rebuilt  as  underlayer  and  rock  along  che  slope  and 
at  the  top  both  washed  out  in  1978.  Rocks  rolled  toward  the  homes  in  '72 
losing  the  top  3  feet  of  the  rip  rap.  The  top  elevation  of  all  existing 
structures  in  this  reach  are  dependent  on  existing  rock  protection. 
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To  stabilize  the  concrete  and  asphalt  walls  and  rip  rap  heights  and 
slopes  in  this  reach,  a  revetment  is  needed.  Failure  of  the  existing 
shorefrcnt  structure  is  expected  again.  As  a  result,  existing  top 
elevations  of  the  shorefrcnt  could  drop  as  follows: 


Existing  Tco  Elev.  TCP  EL.  After  Failure 

(Ft.  NGVD) 


B  Range  fran  14.7  to  15.9 


11.9  to  13.2 


Considerable  overtopping  into  Point  of  Pines  occurs  in  Reach  B  since 
the  beach  is  eroded  and  higher  waves  and  run-up  occurs.  A  revetment  to 
stabilize  this  shorefrcnt  is  required  with  a  top  elevation  of  15.9 
minimum,  say  16,  and  a  1  on  3  slope. 

.  Gwtmarv  -  For  all  Reaches  A  to  E  a  stabilizing  revetment  and  a  new 
wall  in  Reach  F  are  needed  and  would  be  designed  so  as  not  to  fail  if 
overtopped  by  an  SHI.  Therefore,  the  sizing  of  the  rock  protection  would 
be  designed  the  same  as  the  sections  in  the  Detailed  Project  Report,  with 
a  1  on  3  slope  with  the  top  of  revetment  elevations  as  shown  below. 

The  benefits  to  stabilizing  the  shorefrcnt  with  the  Regional  Plan 
include: 

(1)  reduction  of  the  replacement  and  maintenance  costs  of  the 
existing  shorefrcnt  structures, 

(2)  reduction  in  flooding  from  the  1  cn  3  revetments  and 

(3)  stabilization  of  the  shorefrcnt  to  protect  the  integrity  of  the 
Regional  Plan. 


fTTARTT  .T7P 
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MINIMUM  TO 

wm  ? 


SELL. 


TOP  ETKVATICN  (Ft.  NGVD) 


Reach  A 
B 
C 
D 

E  1-3 

F 


EL. 13.2 
EL.  16 
EL.  16 
EL. 14.5 

EL. 13.0  to  16.0  (100-SFN) 

TOP  OF  WALL  (Ft.  NGVD) 

3  ft.  above  the  D.S.W.L.  (used  to  design  floodgates 
along  river  ajid  2  ft.  behind  dunes.) 
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.  Design  Tod  of  Structures  at  Point  of  Pines  -  In  Reaches  A,  E  &  F  a 
Revetment  or  wall  is  required  as  described  for  the  Regional  Plan 
stabilization. 

The  analysis  used  revetment  top  EL.  's  within  a  foot  of  the  top  of 
runup  at  Reaches  B  and  C  as  shown  in  Table  21. 

There  is  no  significant  overtopping  of  the  Reach  D  wall  with  a  1:3  top 
of  the  revetment  up  to  about  the  500  year  event.  Cnly  the  " stabilizing" 
revetment  is  required  up  to  the  500  yr.  design  level,  since  the  volume  of 
water  in  the  top  2-3  feet  of  run  up  is  negligeable. 

For  the  SFN  top  elevations  needed  in  Reaches  B,  C  and  D,  the  elevation 
shown  would  significantly  reduce  the  overtopping. 
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TABLE  21 


STRUCTURE  HEIggS  AT  EDICT  .OF  PINES 
FCR  OPTIMIZmCN  USING  A  3  CN  1  K 


Plan: 

10  yr. 

100  yr. 

500  yr. 

SFN 

DSWL: 

£9,2) 

(IP. S) 

111*21 

(12:9) 

Minimum 

Top 

Top 

Top 

Top 

Top 

Top 

Top 

Revet. 

Revet. 

■Jm 

Bask.. 

Revet. 

RunuD 

B 

Existing  Rip  Rap 

Max  §  EL.  15.9, 
Wall  at  EL.  15.4 

15 

16 

16.8 

18.0 

17.7 

18.5 

18.5 

C 

Existing 

Wall  top  at  EL.  16  15 

16 

15.3 

16.5 

16.2 

17.0 

17.0 

D 

Existing 

Wall  at  EL.  15.4 

14.5 

14.5 

15.3 

16.5 

16.2 

17.0 

17.0 

Summary  for: 

E 

Dunes* 

12.0 

13.0 

12.9 

15.0 

14.7 

16.0 

15.6 

F  Use  Floodgate  DSWL  plus  3  feet  along  River  wall  and  2  feet  far  wall  cap 
near  dunes. 


*  Revetment  under  dunes  should  be  at  least  2  feet  above  the  DSWL  of 
the  Floodgates. 

•  Point  of  Pines  Structural  Shore  front  Features  Suninary  -  loo  Year 
Plan  (See  Plate  24)  - 

Reach  A  -  230  feet.  The  revetment  proposed  for  the  Carey  Circle  seawall  is 
also  a  feature  for  improvements  along  Revere  Beach  to  stabilize  the  wall 
and  reduce  overtopping  in  several  parts  of  Revere,  as  previously  explained. 

Reach  B  -  440  feet.  The  required  armor  stone  revetment  with  a  minimum  top 
elevation  of  16  ft.  NGVD,  10  foot  berm,  sloping  one  on  three  to  the 
existing  beach  required  for  100  year  protection.  It  would  reduce 
significant  damages  at  the  recurring  1978  flood  levels,  but  not  for  rarer 
events. 


Reach  C  -  430  feet.  Same  armor  stone  revetment  required  in  Reach  B. 

Reach  D  -  450  feet.  The  armor  stone  revetment  top  elevation  would 
transition  frcm  a  minimum  EL.  16  at  the  beginning  of  Reach  D  and  reach  a 
minimum  EL.  14.5  at  the  end  of  Reach  D. 

Reach  E  -  The  sand  dunes  (1720)  would  be  restored  to  a  top  elevation  above 

the  revetments  with  crossovers  at  the  end  of  each  street,  dune 

grass  and  fences  to  protect  the  dunes  as  with  the  approved  LPP  project;  also, 
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Reach  E  -1600  feet.  An  armor  stone  revetment  under  the  dunes  would  be 
required  to.  assure  that,  if  the  dunes  are  breached,  the  Stillwater  level  of 
the  ocean  would  be  stopped  by  a  revetment  with  a  top  elevation  of  14.0 
minimum. 

Reach  F  -  900  feet.  A  700  foot  concrete  wall  would  be  constructed  with  a 
top  EL.  of  three  feet  above  the  Floodgates  design  still  water  level,  that 
is  a  top  elevation  of  13.3,  14.2  and  15.0  for  Stillwater  levels  of  EL. 

10.3,  11.2  and  12.0,  respectively.  This  reach  ties  into  the  Floodgate 
structure  and  into  a  200  foot  existing  wall  behind  the  dunes  (Reach  E) 
which  would  be  capped  to  two  feet  above  the  O.S.W.L.  and  tie  into  the 
revetments. 


.  Other  Features  - 

Beaches  -  The  beach  fronting  Reaches  B  to  E,  would  be  built  up  using  sand 
excavated  from  the  dunes  since  it  is  less  expensive  to  use  it  on  the  beach 
than  haul  it  away.  The  beach  helps  protect  the  structural  integrity  of  the 
revetments  and  sand  dunes.  Sand  dredged  from  the  Saugus  River  might  be 
used  at  Point  of  Pines  (if  "acceptable"  and  reusable  material  is 
available) ,  and  reduce  the  Project  Cost  for  hauling  to  a  disposal  area. 
Surface  samples  of  the  river  and  Lynn  Harbor  excavation  areas  show  less 
than  15%  fines.  Additional  sampling  including  sub-surface  borings  would  be 
accomplished  during  the  design  stage  to  determine  the  reusable  quantities 
suitable  for  beach  use,  if  any. 

Site  Restoration  -  Site  restoration  near  the  floodgate  structure  and  other 
project  features  at  the  Point  of  Pines  neighborhood  along  project  features 
would  include: 

(a)  Site  restoration  behind  the  revetments  along  Rice  Ave.  with 
granite  curbs,  grass  and  shrubs.  The  curte  would  prevent  vehicle  damage  to 
revetments  and  dunes. 

(b)  Removal  of  the  remaining  Reach  F  wall  (about  270  feet)  between  the 
floodgates  to  the  Punp  House  for  access  during  construction  would  be 
replaced  with  a  curb  at  the  edge  of  the  grass  (top  at  EL.  10+)  and  beach 
(at  EL  9+) .  See  Plate  25. 

(c)  Provide  a  vehicular  gate  in  Reach  F  for  entrance  to  the  beach  for 
access  to  the  floodgate  dike  and  beach  cleaning. 

(d)  Walkways  over  the  dunes  to  protect  them  at  the  end  of  each  street 
and  replacement  of  crossovers  of  walls  and  revetments  cure  also  included  for 
the  end  of  streets. 

I-YNF  tW*3CR  FEATURES  -  Feature  alignments  required  in  Lynn  for  the  plan 
are  shown  on  Plates  26  and  27.  The  top  elevations  for  the  proposed 
structures  were  previously  shewn  on  Table  16. 
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.  B  &  C  -  Along  Lynn  Harbor  reaches  A,  B,  C  and  FI  are  the 

Transcontinental  Development  Corporation  proposed  plans  to  develop  the 
South  Harbor  and  Inner  Harbor  areas.  Along  the  shorefront,  the  Corps 
plans  include  a  dike  with  sloping  rode  protection  as  Transcontinental  had 
ccirpleted  at  Heritage  Park  and  proposed  for  their  other  plans. 

South  Harbor  Development  in  the  vacant  land  behind  Reaches  A  to  C 
includes  a  $700  million  initial  proposed,  on  about  50  acres  with  800 
condcnunium  apartments  in  five-six  high-rise  buildings,  a  350  room  hotel 
and  eight  high-rise  office  buildings  and  a  250  slip  marina.  The  project 
would  be  developed  in  phases  over  10  to  20  years. 

The  existing  protection  along  Reaches  B  and  C  include  a  timber 
bulkhead  built  in  the  1930's  to  contain  dredge  material.  The  bulkhead  is 
deteriorated  and  much  of  it  in  Reach  C  is  totally  gene  with  bank  protected 
by  rip  rap  and  debris.  The  top  elevation  of  the  bulkhead  varies  from 
EL.  10.8  to  11.7  ft.  NGVD  and  rises  about  13  feet  above  sand  flats  at  about 
EL. -2.  In  Reach  C  where  the  bulkhead  is  gone  the  rip  rap  (1:4  slope*) 
slopes  to  the  road  (EL.  10. 3-12) .  The  design  top  elevations  for 
improvements  along  the  Lynn  Harbor  shorefront  was  based  on  runup  and 
overtopping  analysis  using  procedures  and  wave  data  developed  by  the  Corps 
waterways  Experiment  Station.  Also  used  was  information  gained  from  the 
physical  and  numerical  modeling  of  overtopping  during  the  design  of  the 
Roughans  Point  project.  For  Lynn  Harbor  shorefront  revetments  and  walls 
top  elevations  were  set  very  close  to  the  top  elevation  of  the  design 
storms  runup.  Thus,  top  elevations  shown  for  the  SIN  storm  would  prevent 
nearly  all  overtopping.  Waves  in  Lynn  Harbor  for  ooastal  storms  are 
generally  2  to  3  feet  high  . 

Several  alternatives  were  investigated  to  reduce  overtopping  of  the 
shorefront  in  Reaches  B  and  C  including  three  alternatives. 


A  stone  face  dike  located  with  the  back  of  the  dike  located  at  the 
bulkhead  alignaent  (Previously  shown  on  Plate  R8) .  The  dike  would  almost 
totally  be  constructed  over  several  acres  of  sand  flats.  This  alternative 
would  eliminate  arty  significant  irpact  on  development  and  real  estate. 

This  alternative  is  the  recommended  one  and  shown  in  Figure  9A.  Access 
along  the  dike  would  be  along  the  top  of  dike's  road  surface  (12  feet)  and 
from  the  waterside.  Temporary  easements  may  also  be  obtained  for 
maintenance  since  a  public  right  of  way  is  a  proposed  zoning  change  for 
developers  along  these  reaches. 

The  estimated  loss  of  intertidal  sand  flats  for  Reaches  B  and  C  are 
2.7  and  1.9  Acres,  respectively,  or  a  total  of  4.6  acres  which  would  need 
to  be  mitigated.  Proposed  mitigation  is  creating  a  clam  flat  in  a  basin 
excavated  under  the  1-95  fill.  The  cost  per  mitigated  acre  is  about 
$40,000  per  acre.  The  real  estate  cost  is  about  $4,500  per  acre. 


The  First  Cost  of  this  Alternative  follows: 
Alternative  #1  -  Reaches  B  &  C 


Construction  Cost  of  dikes  with  contingency  &  EDSA  (20%) : 
Reach  B,  1800'  $  1,940,000 

Reach  C,  1500 7  940,000 

Real  Estate  Perm.  Easements  0 


Mitigation  First  Cost: 

Reaches  B  &  C  (4.6  Ac  @  $40, 000/Ac)  184,000 

Real  Estate  Mi  tig.  (4.6  §  $4,500/Ac.Mitig.)  21.000 

Alternative  #1  Total  First  Cost  $  3,085,000 


Alt^nsfeLve  n 

To  reduce  impacts  on  the  sand  flats,  the  dikes  were  evaluated  with  the 
toe  of  dike  at  the  location  of  the  bulkhead  so  the  structure  is  almost 
totally  over  existing  land  with  no  significant  impact  on  sand  flats  but 
requiring  about  4.6  acres  of  developable  real  estate.  (See  Plate  Figure  9) . 

The  Real  Estate  Permanent  Easement  is  about  $18.75  per  SF  or  about 
$817,000  per  acre  for  permanent  easements.  Temporary  easements  for  all 
alternatives  would  be  about  the  same  and  are  not  shown.  The  estimated  First 
Cost  for  this  alternative  including  adjustments  for  slightly  narrower  diViaw 
eliminating  40,000  CY  of  Dunped  Granular  Fill,  but  with  60,000  CY  of 
additional  excavated  material  to  di of,  follows. 

Alternative  #2  -  Reaches  B  &  C 


Construction  Cost  of  Dikes  with  Contingency  &  EDSA: 


Reach  B,  1800' 

Reach  C,  1500' 

Real  Estate  $4.6  A c.@  $817  k/Ac. 
Mitigation  Cost 

Alternative  #2  Total  First  Cost 


$  1,990,000 
1,040,000 
3,760,000 

_ Q 

$  6,790,000 


The  increased  cost  over  Alt.  #1  is  $  3.705.000.  The  city  is  currently 
reviewing  zoning  requirements  to  address  public  access  along  the  bulkhead. 
Uhtil  such  time  agreements  are  reached  between  the  city,  DBQE  and  others  an 
the  zoning,  there  is  no  legal  basis  for  considering  a  lower  read  estate 
value  in  this  area. 

Alternative  ♦ 3 

To  reduce  impacts  on  both  real  estate  and  sand  flats  a  steel  sheetpile 
wadi  alternative  was  also  considered.  The  wall  would  be  built  to  the  ocean 
side  of  the  existing  bulkhead,  to  be  removed.  See  Figure  10.  The  steel 
sheet  pile  tall  would  have  tie  backs  which  require  a  45  foot  vide  permanent 
easement,  totalling  3.4  Acres.  Although  the  land  could  still  be  used  for 
access  and  stock  piling  materiads  in  the  easement  area,  the  land  (Reaches  B 
&  C)  would  be  restricted  from  any  permanent  construction. 

The  estimate  first  cost  of  adtemative  #3  follows. 
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Construction  Cost  for  Walls  incl.  Contingency  &  EDSA: 

Reach  B  1800'  $  4,400,000 

Reach  C  1500'  3,560,000 

Rerl  Estate  3.4  Ac.  @  $817  k/Ac  2.780.000 

Alternative  #3  First  Cost:  $  10,740,000 

The  increased  cost  of  Alternative  #1  is  $  7.655.000. 

.  Stannary  -  There  is  a  possibility  in  the  next  year  or  so  that  the 
developer  would  reach  a  formal  agreement  on  the  width  of  a  public  access 
along  Reaches  B  and  C,  and  how  the  dikes  could  be  constructed.  Such  a 
formal  agreement  may  reduce  the  Real  Estate  costs  for  alternatives  2  and  3 
and  make  them  more  ocnpetitive  with  alternative  1;  however  no  formal 
agreements  have  been  reached  to  revise  the  Real  Estate  estimate. 
Alternative  #1  is  selected  since  it  is  the  lowest  cost  alternative,  and 
there  are  no  known  overriding  reasons  to  reccnmend  another  alternative. 

See  also  Reach  E. 

.  Reach  D  -  Reach  0  is  bordered  by  commercial  users  of  the  waterfront 
and  a  navigation  channel  for  access  to  their  businesses.  Gloucester  Fish 
Corps  at  the  beginning  of  Reach  D  has  future  plans  for  docking 
facilities.  During  design  the  status  of  any  definite  plans  may  show  less 
wall  is  needed  and  the  dike  in  Reach  C  could  extend  further  alcng  the 
property.  The  new  city's  ccnmercial  pier  developed  by  Lynn's  Economic 
Development  Office,  called  the  "EDIC  Pier41  has  moorings  for  vessels 
adjacent  to  the  wall.  At  the  Gas  Wharf  Inlet,  Bay  Marine  Inc.  uses  the 
inlet  for  loading  and  off  loading  vessels.  The  navigation  channel  then 
passes  adjacent  to  the  Boston  Gas  retaining  wall  and  Lynn  Harbor  Marine's 
moorings  and  boat  ranp  at  the  end  of  Reach  D.  Access  gates  are  provided: 
at  the  EDIC  Pier  entrance;  for  Bay  Marine's  location  for  lcwerinq/rais ing 
boats  with  a  crane  at  the  end  of  the  inlet;  and  for  the  Lynn  Harbor 
Marine's  ranp.  A  sluice  gate  is  needed  adjacent  to  the  ranp  for  a  storm 
drain. 

Features  along  this  reach  include  a  new  steel  sheet  pile  (SSP)  wall 
with  tie-backs  along  Gloucester  Fish  and  EDIC  Pier  locations  to  replace 
existing  timber  and  granite  block  bulkheads  which  are  deteriorating.  In 
design,  depending  an  soil  conditions,  real  estate  inpacts  and  other 
concerns,  alternate  types  of  walls  without  tie-backs  or  with  shorter 
tie-backs  will  be  considered. 

At  the  Gas  Wharf  Inlet  the  existing  PZ  40  SSP  wall  on  the  south  side 
would  be  raised  with  PZ  40  SSP  and  a  timber  platform  provided  for  loading 
vessels.  The  wall  ties  into  existing  concrete  foundation  buildings. 

Along  the  west  and  north  sides  of  the  inlet  with  the  timber  and  granite 


A-114 


block  wadis,  a  new  P  Z  40  SSP  would  be  constructed.  The  existing  P  z  40 
wall  fronting  the  Boston  Gas  property  would  be  raised  with  P  Z  40  steel. 
Fran  the  end  of  this  wall  a  SSP  wall  with  concrete  cap  would  be 
constructed  around  the  Lynn  Harbor  Marine's  shone  front,  except  for  the 
gate  location. 

In  Reach  D,  Bay  Marine  property  around  the  inlet  was  reviewed  with  the 
owner.  An  inland  wadi  alignment  landside  of  his  building  was  considered 
but  discarded.  Problems  encountered  were  interfering  with  his  business; 

.  cutting  across  loading  zones; 

.  real  estate  costs; 

.  interference  with  a  net  work  of  above  ground  gas  lines  at  the 
adjacent  Boston  Gas  property; 

.  cutting  through  the  middle  of  the  boat  launching  property; 

.  no  protection  for  these  riverward  properties;  and 

.  likely  increasing  the  flooding  on  the  riverward  properties  since 
water  wauld  pile  up  as  the  waves  hit  the  new  wall. 

At  the  conclusion  of  the  study,  the  owner  advised  the  Corps  that 
closing  off  the  inlet  with  a  wall  should  be  considered  in  design. 
Significant  savings  in  wall  costs  are  anticipated  even  with  filling  in  the 
inlet  with  random  fill. 

.  Reach  E  -  includes  property  along  Eastern  Smelting  and  Refining  and 
Hiilips  Lighting's  Nonelco  Building.  Both  managers  would  like  someday  to 
expand  to  the  edge  of  their  property  line  which  is  about  150  feet 
harbors ide  from  their  existing  shoreline.  However,  due  to  the  extreme 
difficulty  private  developers  have  along  the  coast  in  attempting  to  fill 
in  intertidal  sand  flats  for  private  use  it  is  highly  unlikely  that  they 
would  be  permitted  to  fill.  For  this  reason  and  uncertainty  in  their  own 
planning,  the  location  of  the  dike  was  located  along  their  existing 
shoreline  as  shewn  in  the  Main  Report.  Three  alternatives  were  considered 
along  this  reach. 

Alternative  #1 

Alternative  #1  includes  the  selected  dike  alignment  shown  in  the 
Design  Appendix  with  the  dike  overlapping  their  existing  rip  rap  and  sand 
flats.  The  plan  results  in  a  loss  of  1.0  acres  of  sandflats  which  must  be 
mitigated.  The  following  is  the  First  Cost  of  Alternative  1  (Figure  9A) . 

Alternative  #1  -  Reach  E 

Construction  Cost  of  Dike  w/ Contingency  &  EDSA  (20%) ; 


Reach  E,  1100'  $  685,000 

Real  Estate  0 

Mitigation  Cost  (1.0  Ac.  @  $40, 000/Ac)  40,000 

Real  Estate  (1.0  Ac.  @  $4 ,500/Ac)  5.000 

Alternative  #1  First  Cost  $  730,000 


Alternative  M2 

Figure  9  shows  the  relocation  of  the  dike  "  Inland"  to  reduce  the 
impact  on  sand  flats.  With  the  dike  a  minimum  of  15  feet  from  the  Norelco 
Building,  about  a  24  foot  wide  permanent  easement  is  required,  for  a  total 
0.6  Acre  easement.  The  loss  of  sandflats  is  about  0.3  acres.  The  dike 
requires  10,000  Ci  of  additional  excavation. 
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Alternative  »2  -  Reach  E 
Construction  Cost  of  Dike  w/Contingen cy  &  EDSA: 


Reach  E,  1100'  $  835,000 

Real  Estate  (0.6  Ac  §  $817  k/Ac)  490,000 

Mitigation  Cost  (0.3  Ac.  @  $40, 000/Ac)  12,000 

Real  Estate  (0.3  Ac.  @  $4, 500/Ac)  1.000 

Alternative  #2  First  Cost  $  1,338,000 


The  increased  cost  over  Alternative  #1  is  $  608.000 


Alternative  j? 

Figure  10  shows  the  SSP  vail  with  a  concrete  cap.  A  15  foot  permanent 
easement  is  needed  on  the  land  side,  2  feet  for  the  wall  and  5  feet  on  the 
Harbor  side  for  a  total  easement  area  along  1100  feet  of  0.6  Acres.  There 
would  be  no  loss  of  sandflats  to  mitigate. 


Alternative  #3  r  Reach.  E 


Construction  Cost  of  Dike  w/Oontingency  &  EDSA: 


Reach  E,  1100' 

Real  Estate  (0.6  Ac  §  $817  k/Ac) 
Mitigation  Cost 

Alternative  #3  First  Cost 


$  990,000 
490,000 

_ 0 

$  1,480,000 


The  increased  First  Cost  over  Alternative  #1  is  $  750.000 
Alternative  #1  was  selected  since  it  is  the  least  cost  alternative. 

.  Reach  F  -  Reach  F  is  divided  into  two  reaches  FI  development 
property  and  F2  city  outfall  property.  Reach  FI's  shoreline  at  EL. 8  ft. 
NGVD  is  a  mix  of  timber,  concrete  and  rip  rap  protection.  Reach  F2  at 
EL.  8-10  is  both  granite  blocks  and  rip  rap.  In  Reach  FI  (1150  feet)  the 
developer  has  purchased  the  property  and  is  in  the  process  of  developing 
condominiums  and  a  marina  for  the  proposed  Harbors ide  Landing  Project 
opposite  the  inlet  from  his  Seaport  landing  Project  and  Heritage  Park. 
Harborside  property  would  be  filled  to  EL.  13  ft.  NGVD  with  a  rockface  on 
the  shorefront.  Since  the  EL.  13  was  at  the  Corps  established  500  year 
level  for  top  of  structures  in  this  area,  no  additional  features  would  be 
needed.  For  an  SIN  design  however,  a  concrete  gravity  wall  would  be 
needed  about  one  foot  higher.  The  developer  has  stated  he  plans  to  build 
the  ground  up  to  EL.  18  away  from  the  shorefront.  If  this  occurs,  all  or 
part  of  the  wall  could  be  eliminated.  The  cost  of  the  wall  is  about 
$600,000.  If  the  property  is  not  redeveloped,  then  a  dike  along  the 
shorefront  would  cost  slightly  more  than  Reach  E's  Alternative  1  or  about 
$700,000. 


•  Reach  F2  -  The  280  feet  of  shoreline  connecting  to  the  Lynn 
Heritage  Park  (EL.  13)  retaining  wall  needs  to  be  built  up  with  a  wall  to 
house  storm  drains  in  this  narrow  inlet.  In  this  reach  are  several  storm 
drainage  cutlets  for  the  city.  For  costing  purposes  drains  include  sluice 
gates.  However,  exact  drainage  requirements  will  be  determined  in  final 
design.  The  new  wall  would  connect  with  the  existing  Heritage  Park 
retaining  wall  at  EL.  13.  At  this  point  a  sand  bag  closure  about  100  feet 
long  and  a  few  feet  high  may  be  needed  to  reach  the  SIN  EL.  14  contour  and 
median  wall  (Top  EL. 16)  at  Lynnway. 


A-116 


.  Reach  G  -  No  improvements  are  needed  along  the  Lynn  Heritage  and 
Seaport  landing  Property  since  the  ground  reaches  between  EL.  13  and  EL.  14 
along  the  Lynnway,  one  to  two  feet  above  the  SFN  Stillwater  level. 

Potion  #3  Summary  of  Envircrmenfcal  Impacts 

The  following  sunmarizes  the  inpacts  identified  for  Option  3,  the 
Regional  Floodgate  Plan.  The  Environmental  Impact  Statement  and  Report 
explains  the  impacts  in  more  detail.  The  nest  significant  impacts  which 
must  be  mitigated  are  the  loss  of  intertidal  and  suhtidal  habitat.  The 
location  of  these  impacts  for  the  NED  plan,  are: 

LOST  HABITAT  ACREAGE 
Intertidal  Subtidal 

Lynn  Harbor  Dikes  5.6  Acres 

Point  of  Pines  Revetments  1.4 

Floodgate  Structure  1.4  0.6  (net  loss) 

Floodgate  Dredged  Area  1*5  - 

Total  9.4  Acres  0.6  Acres 


The  loss  of  5.6  acres  in  Lynn  harbor  far  Dikes  located  on  Sand  Flats 
was  evaluated  against  two  other  alternatives,  inland  dikes  and  walls 
(Table  22) .  The  results,  summarized  below,  show  that  these  alternatives 
would  cost  $4  to  $8  million  more,  respectively,  far  the  inland  dikes  and 
walls.  Since  there  is  an  acceptable  mitigation  option  for  Alternative  1, 
"dike  on  sandflats-  by  creating  clam  flats  with  removing  the  1-95  fill, 
which  would  save  a  significant  $4  million,  the  Alternative  #1  was 
selected.  There  are  no  known  overriding  reasons  to  select  another 
alternative.  If  the  city  zones  the  south  harbor  shorefrent  for  public 
access  in  Reaches  B  and  C,  the  inland  dike  would  warrant  further 
consideration. 


Tqfele  22 

tom.  Hadaac  Bite-Md  Wall  Alternatives 


Site  on  Sanflflate 

Pite-lnlairi 

Wall 

(Alt.  #1) 

(Alt.  #2) 

(Alt.  #3) 

Intertidal  Sand  Flat  lest 

Reach  B  &  C 

4.6  Ac. 

nil 

0 

Reach  E 

1.0  AC. 

Total 

5.6 

0.3 

0 

Feature  First  Cost  (In  $1000) : 

Reach  B  &  C 

$  3,085 

$  6,790 

$10,740 

Reach  E 

730 

1.339 

1.480 

Total 

$  3,815 

$  8,128 

$12,220 

Increased  Post  Over  Align.  #1: 

n/a. 

$  4,313 

$  8,405 

The  1.4  acres  of  lost  intertidal  habitat  at  Point  of  Pines  is 
unavoidable.  The  only  other  alternatives  would  be  to  raise  walls  along 
the  shorefront  in  Reaches  A  to  D.  However,  two  significant  problems 
result.  The  walls  would  need  to  be  raised  so  high  as  to  be  totally 
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objectionable  by  the  residents.  Also  additional  erosion  of  the  beach  and 
possibly  dune  area  would  occur  when  waves  hit  the  vertical  wall  surface. 
Vertical  walls  were  therefore  not  considered  further  for  these  reasons, 
including  the  higher  cost  associated  with  wall  construction.  The 
revetments  could  not  be  located  inland  since  the  storefront  is  bordered  by 
Rice  Ave.  which  accesses  heroes  along  the  storefront. 

The  floodgate  structure's  caused  a  loss  of  1.4  acres  of  intertidal 
habitat.  Except  for  the  dike  section,  the  rest  of  the  inpact  is 
unavoidable.  The  dike  causes  about  0.8  acres  of  loss.  A  gravity  wall 
could  be  used  to  reduce  the  loss  to  about  0.1  acres.  However,  the 
additional  cost  of  about  265  feet  of  gravity  wall  to  replace  the  dike  to 
the  shore  is  about  $4  million. 

The  additional  $4  million  is  not  considered  warranted  when  a 
reasonable  mitigation  site  exists  for  the  0.8  acres.  The  1.0  acre  of  lost 
intertidal  habitat  from  dredging  for  the  floodgate  is  unavoidable. 

.  other  Tnpact-a  -  other  impacts  from  the  Regional  Plan  include: 

.  the  floodgates  would  inpair  the  view  of  about  ten  hones; 

.  floodgate  construction  would  cause  minor  inpacts  to  Point  of  Pines 
from  noise  of  ooopressors  and  occasional  pile  driving,  as  well  as, 
two  to  three  months  of  trucking  along  the  river  reach  of  Rice 
Avenue  for  the  dike  section. 

.  the  Point  of  Pines'  revetment,  dunes,  beach  and  wall  would  inpact 
the  neighborhood  far  about  a  year  of  construction  during  normal 
working  hours  (5  days/week,  8  hrs/day) .  The  wall  along  the  Saugus 
River  would  be  raised  about  two  to  three  feet  and  inpair  the  view 
from  about  seven  homes; 

.  the  park  dike  would  inpair  the  view  from  the  lobby's  of  the  new 
high  rise  oondominiians  behind  it; 

.  the  walls  and  dikes  along  Jj/rm  harbor  would  cause  no  significant 
inpact  to  the  undeveloped  property  or  commercial  property  bordering 
the  storefront.  Permanent  easements  would  be  required  along  the 
stretch  of  wall  between  Gloucester  Fish  and  Gas  Wharf  Inlet.  The 
easement  is  required  for  the  underground  tie-back  system  for  the 
wall  and  would  prevent  any  construction  within  the  easement  area. 
The  underground  tie-backs  would  not  interfere  with  the  existing 
buildings  along  the  storefront. 

Mitigation  -  For  loss  or  alteration  of  about  9.4  acres  of  intertidal  and 
0.6  acres  of  subtidal  habitat,  the  plan  is  to  create  10  acres  of 
intertidal  clam  flat  adjacent  to  the  highly  productive  Seaplane  Basin 
flats  (See  Main  Report  and  Design  Appendix  plates) .  This  would  be 
aoccBplished  by  removing  the  backside  of  the  abandoned  1-95  fill  to  create 
a  basin  from  about  EL.  9  to  EL.  -4  ft.  NGVD.  The  site  would  be  u^ed  to 
create  10  acres  of  clam  flat,  a  fringe  of  marsh  grass  and  a  seeded  10  foot 
wide  path  and  a  berm  around  the  top  of  the  basin  to  protect  the  basin  from 
being  breached.  About  190,000  cy  of  material,  primarily  sand,  would  be 
excavated  for  use  in  the  project,  by  others,  or  removed. 
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It  was  assumed  that  during  project  design  that  the  1-95  fill  would  be 
removed  down  to  EL. 9  except  for  the  12  ft.  vide  berm  required  far  flood 
reduction  on  the  east  side.  (Note:  The  minimum  height  of  this  berm 
should  be  held  to  EL.  13.5  without  the  Regional  Plan,  and  EL.  11.0  with  the 
Regional  Plan.  Without  the  project,  the  top  is  set  three  feet  above  the 
100  Year  Stillwater  level  in  the  estuary,  and  with  the  Regional  Plan,  3 
feet  above  the  maxi  mum  estimated  estuary  water  level.)  Part  of  the 
proposed  mitigation  area  would  be  lowered  by  the  Corps  far  the  Revere 
Beach  Erosion  Control  Project,  and  the  rest  is  assumed  removed  to  EL. 9  by 
others.  Of  the  190,000  cy,  there  are  76,000  cy  of  clean  sand  between  EL. 5 
and  EL. 9  ft.  NGVD.  The  project  would  use  about  56,000  cy,  and  20,000  cy 
would  temporarily  be  stockpiled  north  of  the  site  on  the  1-95  fill  until 
sold,  requiring  a  temporary  easement.  About  4000  cy  of  peat  would  be 
removed  and  hauled  to  a  disposal  area. 

There  would  be  about  110,000  cy  of  potentially  sally  sand  below  EL. 5 
which  is  in  the  intertidal  area.  Of  this  sand,  80,000  cy  would  be  used  by 
the  project  and  30,000  cy  would  form  a  berm  around  the  basin  to  EL.  11  and 
about  100  feet  wide.  During  design  the  potential  to  sell  or  use 
additional  salty  sand  would  be  determined.  The  110,000  cy  of  salty  sand 
could  be  used  for  : 

(1)  Beach  replacement  at  Reaches  A  and  B,  Point  of  Pines  (6,000  to 
8,000  cy) .  (Note  that  of  the  36,000  cy  of  sand  excavated  for  the 
sand  dunes  all  could  be  reused  at  Point  of  Pines. ) ; 

(2)  Also,  for  the  project:  Randan  fill  (26,000  cy)  in  Lynn  Harbor 
Dikes  and  Dumped  Granular  Fill  (46,000  cy) . 

(3)  Possibly  sold  far  road  sanding  in  the  winter;  or 

(4)  Far  Revere  Beach  and  Point  of  Pines  Beach  maintenance. 

The  76,000  cy  of  clean  sand  above  EL. 5  oculd  be  used  for: 

(1)  The  Park  Dike's  oaipacted  randan  fill  (54,000-56,000  cy) ; 

(2)  Any  of  the  uses  identified  for  salty  sand,  or 

(3)  Sold  far  general  use. 


Permanent  easements  are  needed  for  the  basin  site  and  for  the  salty 
sand  berm  around  the  basin.  A  temporary  easement  is  needed  for  storage  of 
clean  sand.  The  clams  would  be  transplanted  from  nearby  clam  flats  and 
marsh  grass  from  nearby  vegetated  marsh. 

This  was  the  only  practical  location  and  alternative  developed  for 
mitigating  the  10  acres  of  lost  intertidal  and  subtidal  area.  The  strong 
interest  in  the  state  and  resource  agencies  to  remove  the  1-95  fill  and 
the  lack  of  better  locations  resulted  in  this  selection. 

An  alternate  location  at  the  1-95  site  for  the  mitigation  site,  which 
would  still  flush  with  saltwater  by  way  of  the  Seaplane  Basin,  would  be 
immediately  east  of  the  proposed  site. 
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Oarstruction  Rase  1  Procedures  -  The  mitigation  site  wxild  start 
concurrently  with  the  Revere  Beach,  Point  of  Pines  and  Iyrm  Harbor 
features.  The  excavated  sand  far  the  mitigation  site  would  be  used  for 
other  features.  Ocnpleticn  of  the  mitigation  site  in  the  first  year  would 
also  provide  several  growing  seasons  during  construction  to  assure  the 
marsh  grass  and  clams  are  successfully  transplanted. 

At  the  Park  Dike  construction  of  retaining  walls,  site  preparation  and 
hauling  of  fill  (including  sand  from  the  mitigation  site)  would  proceed 
concurrently.  Ccnpletion  of  the  park  dike  would  include  the  rock  surface, 
fill  from  the  top  of  dike  to  the  MDC's  secondary  wall  at  the  Boulevard 
sloped  far  drainage,  and  ccnpletion  of  ramps  and  site  restoration. 

At  Point  of  Pines  construction  of  the  revetments  should  proceed  from 
Carey  Circle  and  progress  toward  the  dunes.  As  the  dunes  are  excavated 
the  dune  sand  should  be  used  to  build  the  beach  fronting  Point  of  Pines 
Revetment.  Excavated  dune  sand  needed  to  restore  the  dunes  would  be 
stockpiled  along  side  the  excavation  site  until  revetments  are  ocnpleted. 
Construction  of  the  walls  at  Point  of  Pines  could  proceed  concurrently 
with  the  revetments.  Access  to  the  dunes  would  be  by  way  of  tenporary  two 
way  travel  along  the  river  stretch  of  Rice  Avenue. 

Along  Iyrm  harbor  construction  of  dikes  and  I -walls,  gravity  and  PZ40 
walls  could  proceed  from  several  locations.  The  sand  excavated  from  the 
mitigation  site  would  be  used  in  the  dikes.  The  PZ27  wall  fronting 
Gloucester  Fish  and  the  EDIC  pier  would  be  constructed  with  steel  upcn 
completion  of  cofferdams. 

Construction  2  Procedures  -  The  floodgate  concrete  structures  would 

be  constructed  an  a  dry  river  bed.  The  braced  cofferdam  is  as 

it  would  have  less  impact  on  flows  in  the  river  by  taking  vp  less  room  and 
aost  less  than  a  cellular  type.  Warranting  consideration  in  design,  in 
lieu  of  cofferdams  includes  floating  the  gate  sections  into  place. 

Criteria  far  construction  of  the  floodgates  requires  that  safe  navigation 
past  the  work  area  be  maintained,  as  well  as,  the  natural  flushing  and 
tide  levels  in  the  estuary.  Currently  planned,  the  floodgate  structure 
would  be  constructed  in  three  phases  with  a  cofferdam  constructed  around 
gate  sections  separately.  Figures  11,  12,  and  13  show  the  phases  of  a 
"braced"  cofferdam  construction  far  Alignment  #2.  The  water  would  be 
paiped  cut  of  the  cofferdams  and  the  gates  would  be  built  in  the  dry.  The 
preliminary  sequence  of  Alignment  #2  construction  phasing  is  to  maintain 
a  minimal  of  5200  SF  of  flow  area  for  safe  navigation  and  estuary  flows 
is:  first,  the  navigation  gate,  and  flushing  gates  #1-4  and  wall  on  the 
Iyrm  side;  second,  the  Revere  gate,  Lynn  gates  #5-9;  and  third,  the  Revere 
dike  and  mils.  A  navigation  channel  around  the  navigation  gate  cofferdam 
is  required  prior  to  installing  the  cofferdam.  Also,  required  for 
floodgate  alignments  3,  4,  and  5  are  the  relocation  or  modifications  of 
piers  and  General  Electric's  Punp  House  and  pipeline.  The  cofferdams  and 
navigation  gate  and  flushing  gates  structure  would  be  built  with  materials 
and  equipment  brought  to  the  cofferdams  by  barges  loaded  in  Lynn.  Sane 
materials  and  concrete  placement  can  be  acoceplished  from  land  at  the  Iym 
end.  After  removal  of  the  Revere  wall  cofferdam,  the  dike  would  be  built 
from  the  Revere  shore. 
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Figures  11,12  and  13 
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Construct  i<-ri  Phasing  -  ihe  floodgates  and  other  features  would  be 
constructed  in  various  phases  as  design  work  is  oonpleted  and  to  avoid 
impacts  cn  the  estuary  or  navigation  during  construction. 

The  Park  Dike,  Ponding  Area  gravity  wall  and  Point  of  Pines' 
revetments,  dunes,  beach  and  wall  and  the  mitigation  site  would  start 
construction  about  3.5  years  after  the  start  of  design  and  be  oonpleted  in 
about  12  months.  Work  along  the  Lynn  shorefrorrt  would  proceed 
concurrently  with  the  Revere  work  with  construction  of  revetments,  and  PZ 
40,  "I"  and  gravity  walls  ever  about  the  12  month  period. 

Hie  floodgates  would  follow  completion  of  the  other  features. 

Modelling  and  design  of  the  floodgates  require  about  five  years  from  the 
start  of  design.  Construction  would  then  follow  over  about  3.5  years,  as 
follows  far  aligment  #2  (see  Figures  11  to  13): 
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Bess  Description 

1A  Dredge  temporary  navigation  channel  and  river  channel  to  finish 

grade  and  for  cofferdams.  Install  ring  cofferdam,  then  bearing 
piles  (BPs)  and  build  navigation  gate  over  about  17  months. 

IB  Concurrently,  install  braced  cofferdam  (BCD)  then  BPs  far  first 

4  ta  inter  gates  and  gravity  wall  on  Lynn  side  and  construct  then 
remove  BCD  over  about  18  months. 

1  The  flow  area  at  mid  tide  is  about  5,500  SF  until  BCD's  are 

removed.  Construction  requires  about  18  months  plus  about  3 
months  for  dredging. 

2A  With  navigation  gate  open,  dredge  for  remaining  BCD's  and 

install  BCD  far  Revere  gate  and  construct,  about  6  months. 

3A  After  completion  of  the  Revere  ta  inter  gate  (2A)  open  it  and 

proceed  with  the  BCD  then  BPs  and  construct  the  Revere  gravity 
wall  followed  by  the  Revere  dike  to  EL.  10,  I-Wall  and  PZ27  wall 
in  Lynn  Harbor,  about  a  six  month  period.  During  this  period 
which  overlaps  phase  2B  at  least  5,300  SF  of  flow  area  is 
available. 

3B  A  6  to  9  month  consolidation  of  the  phase  3A  Revere  Dike 

foundation  is  required.  After  the  consolidation  period, 
complete  the  Revere  dike  above  EL.  10.  During  most  of  this 
phase  all  gates  are  open  and  operable  with  the  total  8,800  SF  of 
flow  area  available  at  peak  flow  or  mid  tide.  The  total 
construction  and  consolidation  time  is  about  3  1/2  years. 


(ynwtrurticn  Costs  -  The  location  where  the  floodgates  would  be 
constructed,  either  Alignments  1,  2,  3,  4  or  5,  makes  a  significant 
difference  in  the  construction  and  real  estate  costs  far  each  alignment  of 
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the  Regional  Plan.  See  Table  23.  Several  factors  make  a  significant 
difference  in  estimating  the  initial  costs  far  alignments  1,3,4  and  5 
since  detailed  layouts  and  cost  estimates  were  not  prepared: 

(1)  The  inpact  on  caanercial  real  estate  is  expected  to  be  higher  for 
the  developed  areas  west  of  the  General  Edwards  Bridge.  Permanent  access 
to  the  floodgates  and  walls  along  the  shore  requires  permanent  easements 
which  would  limit  the  use  of  the  land  by  caanercial  property  owners. 

(2)  Construction  of  the  navigation  gate  would  require  about  a  210 
foot  diameter  cofferdam,  depending  on  the  fined,  size  of  the  gate  and 
detailed  analysis  of  soil  conditions.  In  either  case,  the  cofferdam  would 
prevent  the  passage  of  vessels  under  the  General  Edwards  Bridge  far 
Allotments  3  or  4  east  or  west  of  the  bridge  far  about  1  and  a  half 
years.  This  requires  vessels  to  tenporarily  pass  under  adjacent  spans  of 
the  bridge  with  limited  clearance.  About  20-30  sail  boats  are  too  high 
far  this  clearance  and  a  temporary  marina  would  be  required  east  of  the 
bridge.  Also  the  General  Electric  fuel  barges  would  be  prevented  frcnt 
proceeding  up  the  river  and  their  fuel  would  need  to  be  hauled  by  trucks 
(Aligns.  3,  4,  5) .  Delays  in  navigating  the  temporary  channel  would  be 
experienced  by  the  remaining  vessels  (Aligns  3,  4,  5). 

(3)  The  length  of  the  floodgate  structure  far  alignments  1,3,4,  and  5 
require  additional  gravity  walls  to  connect  the  structure  to  the  north 
shore,  and  alcng  the  south  shore  to  the  bridge  abutment.  The  costs  are 
based  an  the  unit  aost  of  gravity  walls  developed  for  Alignment  No. 2.  For 
alignments  3  and  4  the  cost  may  be  even  higher  due  to  the  short  sections 
of  gravity  walls  with  higher  oof  ferdam  costs  located  between  flushing 
gates.  The  gates  must  be  lined  up  between  bridge  piers. 

The  temporary  marina  would  also  be  used  by  vessels  whose  docking  area 
is  rendered  tenporarily  inaccessible  by  the  cofferdams  at  alignments  3,  4 
and  5. 

In  order  to  maintain  a  temporary  navigation  channel  during  the 
construction  period,  marina's  docks  and  the  General  Electric  saltwater 
in-take  pipeline  may  need  to  be  tenporarily  relocated  far  alignments  4  and 
5  and  then  replaced  if  necessary.  The  underground  cables  for  the  bridge 
(Aligns  3  6  4)  and  acnmunicaticn  cables  under  the  river  west  of  the  bridge 
would  likely  need  to  be  relocated  (Aligns.  4  6  5). 

Far  alignments  3  and  4,  the  pier  footings  far  the  General  Edwards  bridge 
would  need  to  be  protected  from  scour  with  a  layer  of  stone  along  the  river 
bottom. 

The  Lynnway  drainage  pipes  in  Lynn  would  be  relocated  to  drains  behind 
the  gates.  Also  required  for  Aligrments  3,  4,  and  5  is  a  dike  along  Reach  A 
of  the  Lym  Harbor  bulkhead  east  of  the  bridge  along  the  Saugus  River. 

Costs  for  relocations,  bridge  pier  protection,  temporary  marina,  read, 
estate,  and  Lymnwsy  drain  relocations  are  included  in  the  preliminary 
estimates  for  aligrments  3,  4  and  5.  Aligrment  1  and  2  do  not  have  these 
problems.  An  additional  5  %  contingency  is  added  to  Aligrments  3,  4  and  5 
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to  aoocunt  far  relocation  of  underground  cables,  additional  navigation  aids 
under  the  bridge,  cost  of  General  Electric  Hauling  fuel,  relocation  of 
Revere  drains,  extending  bridge  pier  footings  (currently  about  EL.  -13)  below 
the  dredge  limit,  additional  costs  of  the  gravity  wall  construction  and 
delays  encountered  near  the  bridge  and  with  vessel  traffic  and  congestion. 


TABLE  21 

REGIONAL  SB*  PLAN  0C6T  OCMPARISCN 
FOR  FIOOOGATE  AUQWENIS  #  1-5 

construction  Posts  1  2*  3  4  5 

(In  $1000.  10/88  P.L.) 

(1)  Floodgates: 


Navigation  Gate 

14,092 

14,092 

14,092 

14,092 

14,092 

Tainter  Gates  1-10 

29,879 

29,879 

29,879 

29,879 

29,879 

Gravity  Hall  to  &  along 
shore 

6,900 

1,883 

7,500 

6,800 

10,600 

Dike  &  I -Wall  to  shore 

920 

939 

- 

- 

- 

Lynn  Harbor  Reach  A  &  Dike  & 
drains 

400 

700 

1,600 

Relocations  &  Modifications: 

Fish  Pier  (if  req'd)  & 

920 

986 

920 

920 

920 

Site  Restore 

Yacht  dub  6  Gen.  Elec.  Piers 
cables.  Drains,  Protect  Y.C. 
Piers,  Extend  Bridge  Pier 
footings,  GE  Truck  Riel 
Congestion  Delays. 

• 

ND 

ND 

ND** 

Teeporary  Marina 

- 

- 

1,500 

1,500 

1,500 

Stone  Protec.  Bridge  Piers 

- 

- 

_ m 

600 

- 

Subtotal 

52,711 

47,779 

54,891 

54,491 

58,591 

Added  Contingency  (5%) 

- 

- 

.  2*745 

.1*125 

2,939 

Floodgate  Total 

52,711 

47,779 

57,636 

57,216 

61,521 

(2) 

Revets  Park  Dike,  Gate  6 

Hall 

3,578 

3,578 

3,578 

3,578 

3,578 

(3) 

Lym  Harbor,  Reaches  B-F 

7,155 

7,155 

7,155 

7,155 

7,155 

(4) 

Point  of  Pines  (100  Yr. ) 

5,165 

5,165 

- 

- 

- 

(5) 

Mitigation 

391 

391 

391 

391 

391 

(6) 

EC6A  (21%) 

11,230 

11,230 

11,230 

11,230 

11,230 

(7) 

Real  Estate 

3,$44 

3,55$ 

JL.SA2 

3,20$ 

Total  First  Cost 

83,874 

78,942 

83,546 

83,412 

87,781 

*  Ihe  Main  Report  includes  the  final  cost  of  aligrsnerrt  2  which  may  vary 
slightly  frcn  this  cxnparisan. 

**  Not  Determined. 
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Operation  and  Maintenance  of  Regional  Plan  -  Residents  and  environmental 
interests  are  extremely  concerned  that  the  operation  and  maintenance  of 
the  floodgates  be  accomplished  so  flooding  is  properly  controlled  and 
there  would  be  no  significant  inpact  on  the  estuary.  The  Corps  would 
prepare  an  OSM  Manual  for  the  project  an  haw  it  is  to  be  operated  and 
maintained.  O&M  of  the  parkland  and  dike  in  Reach  B  would  be  an  MDC 
responsibility.  Responsibility  for  the  other  features,  far  exasple  the 
ponding  area  wall  behind  Revere  Beach  and  the  Lym  Harbor  walls  and  dives 
Mould  likely  be  the  responsibility  of  those  carnalities  or  the  MDC. 

Project  features  constructed  as  part  of  the  Regional  Project  are 
described  as  four  major  features  with  estimated  annual  operation  and 
maintenance  costs  as  shewn: 

O&M  oost/vear 


(1)  Revere  Park  Dike  and  Pending  Area  $  14,000 

(2)  Point  of  Pines  shorefront  11,000 

(3)  Lym  Shorefront  13,000 

(4)  Floodgates,  Mitigation  Site,  Estuary 

Storage  Protection  287.000 

Total  $  325,000 


.  Revere  Rude  Dike  and  Pending  Area  -  Maintenance  includes  mewing  and 
maintaining  the  parkland  shrubs  and  trees  and  cleaning  exposed 
retaining  wall  surfaces.  The  ponding  area  will  require  cleaning  up 
of  debris  and  assuring  existing  drainage  pipes  are  net  plugged  from 
debris  in  the  ponding  area.  This  item  also  includes  the  inspection 
and  maintenance  of  the  Sales  Creek  tide  gate  to  assure  its  continued 
operation. 

.  Point  of  Pines  Shorefront  -  The  maintenance  and  inspection  includes 
the  cleaning  of  debris  off  the  revetments  and  walls,  restoring  sand 
for  any  eroded  beach  areas  affecting  the  stability  of  the  dunes, 
maintenance  of  dunes  and  crossovers  and  other  access  walks  and 
gate. 

Maintenance  of  grass,  shrubs,  and  trees  replaced  along  the 
shorefront  is  also  included. 

.  D/nn  Shorefront  -  Maintenance  includes  cleaning  debris  off  of  dikes 
and  walls  and  assuring  the  operation  of  all  gates.  Maintenance  of 
the  stone  facing  on  dikes  and  cathodic  protection  far  steel  sheet 
pile  walls  and  eventual 
replacement  of  tide  gates  are  included. 

•  Floodgates  -  The  operation  of  the  floodgates  includes  the  assignment 
of  thro  full  time  operators  responsible  far  the  operation  and 
maintenance  of  the  floodgates  and  monitoring  of  any  activities  in 
the  area  which  may  affect  the  storage  area  and  mitigation  site. 

They  will  also  maintain  and  assure  continued  operation  of  monitoring 
and  security  equipment,  and  maintain  landscaping  and  grounds.  They 
would  schedule  and  assure  periodic  maintenance  of  gates  and 
operating  equipment  which  costs  are  included.  They  would 
participate  in  the  estuary  storage  protection  measures  outlined  in 
the  main  report  and  semi-annual  inspections  by  the  Oorps  of  the 
floodgates  and  storage  area  and  mitigation  site.  Oosts  include  the 
estimated  maintenance,  repair  and  replacement  oosts. 
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They  would  coordinate  all  closings  of  floodgates  with  the  U.S.  Coast 
Guard,  Harbor  Masters  and  public  providing  required  advanced  notice. 

lhe  total  Operation  and  Maintenance  cost  is  a  non-Faderal 
responsibility  and  oust  be  financed  by  the  ncn-Federal  sponsor.  O&M 
responsibilities  will  be  clearly  defined  in  an  O&M  manual  prepared  by  the 
Corps  during  design.  Ocopliance  with  the  O&M  manual  is  an  item  of  local 
cooperation. 

Maintenance  of  Existing  Flood  Reduction  Features  -  The  project  requires 
the  maintenance  of  existing  non-Federally  constructed  project  dependant 
flood  reduction  and  shorefront  structures.  This  is  necessary  to  assure  no 
significant  increase  in  shorefront  overtopping  with  an  associated  increase 
in  damage.  To  facilitate  monitoring  of  the  existing  project  dependent 
flood  reduction  and  shorefront  structures  a  descriptive  profile  would  be 
prepared  in  design  extending  from  high  ground  at  the  Revere  Beach  Parkway 
at  Sales  Creek  along  the  Revere  and  Iyrm  harbor  shorefronts  to  high  ground 
at  Heritage  Park. 


Existing  shorefront  and  flood  reduction  features  include,  for 
example, : 

.  the  shoulder  along  Revere  Beach  Parkway  fronting  Cerratani's  Market 
which  protects  the  Garfield  School  area; 

.  the  existing  Revere  Beach  seawall  and  beach  profile; 

.  any  future  developments  along  Lynn  Harbor  accepted  far  flood 
protection. 


Benefits  -  Benefits  as  explained  in  the  Main  Report  for  the  Regional 
Plan  varies  depending  on  the  location  of  the  floodgates.  Table  24 
shews  benefits  far  all  alignments  which  include  flood  damage 
reduction,  storm  damage  reduction,  reduction  in  future  costs, 
recreation  and  other  cost  saving  benefits.  The  only  difference  is 
that  alignments  #1  and  #2  which  include  Point  of  Pines  protection 
also  includes  Point  of  Pines'  benefits. 
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TOHTE  24 


I 


ESTIMATED  ANNUAL  BENEFITS 
AL  FLOODGATE  FLAN  -  Alignments  1-5 


Average  Annual  Benefits 

Project  Benefits  -  SEN  1988  Price  Level 

(1000) 


Align.  3-i 

Flood  Damage  Reduction: 

Inundation  Reduction 

$  6,968 

$  5,524 

Sea  Level  Rise 

1,132 

947 

Storm  Damage  Reduction  to 

Shorefrant  Structures: 

1,660 

1.557 

Reduction  in  Future  Posts  to  MDC's  Town 

Line  Brook  Project 

78 

78 

Other  Post  Savings: 

Emergency  costs 

163 

42 

Future  Development 

141 

141 

Affluence 

244 

95 

Flood  Insurance  Overhead 

59 

51 

Recreation  Benefits 

_ 415 

_  415 

Total 

$  10,860 

$  8,850 

.  Posts  -  The  first  Post  of  the  Regional  Plan  varies  for  two  reasons: 

(1)  Ponstructicn  costs  for  alignments  1  and  2  include  Point  of 
Pines  features  which  are  not  included  for  Alignments  3,  4  and 
5.  Alignments  3,  4  and  5  include  the  additional  construction 
costs  previously  discussed. 


.  Economic  Analysis  -  The  economic  feasibility  of  the  Regional  Plan  is 
also  influenced  by  the  different  benefits  and  costs  of  each 
alignment,  as  shown  on  Table  25. 

takt y.  25 

REGIONAL  SFN  PLANS 
BGCNCMIC  ANALYSES  -  Alignments  #1-5 


Floodgate  Alignment 


Project  First  Oost  ($  millions) 

$  84 

$  79 

$  83  $  83  $  87 

Average  Annual  Benefits  ($  millions) 

10.8 

10.8 

8.8  8.8  8.8 

Average  Annual  Posts  ($  millions) 

9.5 

8.9 

9.4  9.4  9.9 

Average  Annual  Net  Benefits  ($  millions) 

1.3 

1.9 

-.6  -.6  -1.1 

Benef it-to-Cost  Ratio 

1.1 

1.2 

0.9  0.9  0.8 

-  The  Regional  Saugus  River  Floodgate  Plan  would 
directly  cause  the  loss  of  the  following  acreage  at  Alignment  #2.  There  would 
be  only  slight  variations  for  other  alignments.  Impacts  to  be  mitigated  are 
summarized  here,  the  EIS/EIR  describes  all  inpacts  in  greater  detail. 
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Align  #2 


Type  erf 

Intertidal  -  Lost  9.4 

Subtidal  -  Net  Lost  0.6 

Total  Acreage  10.0 


The  major  environmental  impact  is  the  loss  of  about  10  acres  of 
intertidal  or  subtidal  habitat  from  the  construction  of  the  entire  project 
which  requires  mitigation.  The  impacts  from  other  alignments  would  be 
similar,  except  Black  Duck  feeding  would  be  least  impacted  by  Alignments 
1,  2  and  5. 

Impacts,  from  Floodgate  Alignments  -  Five  floodgate  alignments,  numbers  1 
to  5,  were  evaluated  for  costs  and  impacts  at  the  mouth  of  the  Saugus 
River  as  previously  shown  in  Plate  14.  Only  alignments  one  and  two 
require  features  described  for  Point  of  Pines. 

.  Alignment  1  -  located  500  feet  east  of  the  existing  MDC  public 
fishing  pier,  requires  a  floodgate  structure  1,600  feet  long.  The 
major  concern  is  that  it  may  adversely  impact  the  dunes  at  Point  of 
Pines  depending  on  the  influence  the  gates  have  on  currents  and 
waves  during  storm  conditions.  As  with  alignment  2,  residents  of 
Point  of  Pines  fear  their  private  beach  may  become  a  public  beach, 
if  the  state  finances  their  shorefrcnt  features  resulting  in 
degradation  of  the  dunes*  natural  environmental  and  social 
resources.  This  concern  will  be  coordinated  with  the  state  during 
the  draft  report  review. 

•  Alignment  2  -  located  700  feet  east  of  the  General  Edwards  Bridge, 
requires  only  a  1,275  foot  long  structure.  Both  Alignments  1  and  2 
have  slight  impacts  on  Point  of  Pines  during  construction,  since  the 
floodgates  would  be  constructed  primarily  from  barges  loaded  in 
Lynn  or  from  the  Lynn  side.  Long  term  impacts  on  views  to  bordering 
neighbors  and  aesthetic  impacts  to  the  neighborhood  would  be  reduced 
with  landscaping,  as  well  as  protection  afforded  by  the  plans  with 
these  alignments.  There  is  no  significant  interference  with 
navigation  during  the  phasing  of  gate  construction,  since  a 
temporary  navigation  channel  would  be  provided  around  the  navigation 
gate  work  area. 

.  Alignment  3  -  located  150  feet  east  of  the  General  Edwards  Bridge 
requires  a  structure  1,400  feet  long  and  an  additional  450  feet  of 
revetment  at  its  north  end,  along  the  Lynn  Harbor  bulkhead.  It  ties 
into  the  south  embankment  of  the  bridge.  No  protection  is  afforded 
Point  of  Pines  which  incurs  a  slight  construction  impact.  Point  of 
Pines  may  be  adversely  affected  by  this  alignment  with  about  a  one 
foot  increase  in  flood  levels  next  to  the  gate  structure  near  the 
yacht  club  opening  to  the  neighborhood.  Significant  impacts  of  this 
alignment  which  increased  the  cost  are: 
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construction  of  450  feet  of  dike  along  the  Lynn  bulkhead  bordering 
the  Saugus  River; 

rock  protection  under  the  bridge  to  prevent  additional  scour; 
a  temporary  marina  for  vessels  which  cannot  pass  under  adjacent 
spans  of  the  bridge  during  closure  of  the  navigation  channel  during 
gate  construction; 

relocation  of  underground  cables  servicing  the  bridge,  and  drainage 
pipes  in  Revere; 

relocation  of  the  Point  of  Pines  Yacht  Club  piers; 
the  cost  of  General  Electric  to  have  their  jet  fuel  hauled  by  truck, 
since  their  tankers  cannot  pass  under  adjacent  spans  of  the  bridge 
during  gate  construction;  and 

the  additional  navigation  costs  for  temporary  and  permanent  channels 
and  protection  of  the  bridge  piers. 

Alignment  4  -  located  150  feet  west  of  the  bridge  requires  a  1,350 
foot  long  structure  and  700  feet  of  additional  revetment  along  the 
Lynn  Bulkhead.  In  addition  to  similar  costs  incurred  at  Alignment 
#3,  it  also  has  nuch  greater  impacts  on  developed  properties  at  each 
end  of  the  Floodgate  with  higher  real  estate  costs  and  relocation 
costs  of  piers  and  Lynn  drainage  outfalls.  More  interference  would 
occur  to  the  navigation  fleet  due  to  a  restricted  temporary  channel 
during  construction.  Additional  utility  cables  span  the  river 
bottom  at  this  location. 

Alignment  5  -  located  500  feet  west  of  the  bridge,  requires  a  1,620 
foot  structure  and  1,550  feet  of  additional  walls  and  dikes  along 
both  river  banks  to  reach  the  bridge  and  Lynn  Harbor.  These 
additional  structural  costs,  higher  real  estate  impacts  and  costs  on 
existing  ccnmercial  property  and  future  condominium  and  marina 
developments,  relocation  of  a  Lynn  drainage  system,  and  interference 
with  navigation  traffic  and  features  results  in  the  highest  cost  of 
any  plan. 

Selected  Alignment  -  Alignment  #2  which  shows  the  highest  average 
annual  net  benefits  is  currently  the  selected  alignment  for  Option 
3.  The  alignment  is  also  supported  by  the  city  of  Revere.  The  Lynn 
and  Saugus  Citizen  Steering  Committees  also  prefer  alignment  #2.  It 
provides  protection  to  Point  of  Pines  and  has  the  greatest  inpacts, 
short  term  construction  and  long  term  views  on  Point  of  Pines 
residential  area.  The  majority  of  the  Point  of  Pines  neighborhood 
and  mayor  of  Revere  support  the  alignment.  Others  in  Point  of  Pines 
would  support  alignment  #2  if  the  beach  is  allowed  to  remain  in  the 
ownership  of  the  Point  of  Pines  Beach  and  Conservation  Association. 


A- 128 


Concerns  for  the  Estuary  -  Major  concerns  are  whether  the  gated  structure 
would  affect  the  dynamics,  water  quality  and  sedimentation  in  the  marsh 
and  rivers  and  thus  adversely  impact  on  the  extensive  marine  fisheries  and 
wildlife  in  the  salt  water  estuary  behind  the  tide  gates. 

Analyses  has  shewn  that  only  minor  inpacts  should  occur  for  the 
following  reasons. 

-  During  normal  times  when  the  gates  are  open,  there  should  be 
negligible  changes  in  water  quality  as  the  openings  would  be  designed  to 
maintain  the  natural  flushing  and  tide  levels  in  the  marsh  and  rivers. 

-  During  storm  tide  conditions  which  normally  occurs  about  two  to 
three  times  a  year,  the  gates  would  close  causing  temporary  changes  in 
water  quality.  These  changes  would  not  be  significant  because  1)  only  on 
infrequent  occasions  will  there  be  a  high  amount  of  runoff  coinciding  with 
the  high  hide;  2)  if  there  is  a  great  deal  of  runoff,  the  length  of  time 
which  the  gates  would  be  closed  would  be  short,  generally  only  than  1  to  2 
hours;  and  3)  with  future  improvements  in  Lynn's  Strawberry  Brook  combined 
sewer  outfall  into  the  Little  River  (Plate  19A) ,  there  may  be  no 
significant  point  source  waste  water  discharges  into  the  Pines  and  Saugus 
Rivers  which  could  cause  serious  harm  to  the  inner  river  system  before  the 
gates  would  be  opened  again.  Under  typical  closures  all  of  the  wetlands 
would  be  submerged  in  saltwater  for  about  the  normal  length  of  time. 

Tidal  and  river  currents  and  sedimentation  will  be  changed  immediately 
next  to  the  gated  structure,  but  should  be  similar  to  existing  conditions 
within  a  few  hundred  feet  of  the  structure. 

Only  a  minor  increase  is  expected  in  sediment  buildup  upstream  when 
runoff  occurs  coincident  with  gate  closure. 

With  an  accelerated  rate  of  sea  level  rise  approaching  2  feet,  twice 
the  historical  rate,  there  would  be  very  little  impact  on  the  estuary. 
However,  with  higher  rates  and  higher  frequency  and  duration  of  closure 
more  impact  would  be  expected.  If  the  rise  is  going  to  approach  2  feet, 
the  flood  protection  plan  should  be  evaluated  for  additional  protection 
and  operation  requirements. 
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REGIONAL  PLAN  OPTIMIZATION  -  NED  PLAN 


Die  Regional  Plan  at  Alignment  2  which  produces  the  highest  average 
annual  net  economic  benefits  of  ary  option  thus  far  needs  to  be  optimized 
to  determine  the  level  of  protection  which  produces  the  highest  overall 
net  economic  benefits.  Die  results  would  establish  it  as  the  ''NED  Plan" 
or  the  plan  that  provides  the  greatest  contribution  to  National  Economic 
Development. 

Optimization  of  net  benefits  is  accomplished  by  first  determining  if  a 
feature  or  area  is  separate  or  independent  of  other  features  or  areas. 

Die  following  section  discusses  each  of  the  following  features  or  areas: 
the  Crescent  Beach  area,  Park  Dike,  Ponding  Area,  Point  of  Pines, 
Floodgates  and  Lynn  Harbor.  Only  those  features  or  areas  determined  to  be 
separable  are  optimized,  and  then  optimum  features  are  combined  to  produce 
the  NED  Plan.  Also,  if  elimination  of  any  item  does  not  affect  damages  in 
other  areas,  its  determined  separable,  and  ”>'st  be  separately  optimized. 

CRESCENT  wrath  ftPFA  -  The  Crescent  Beach  or  Garfield  School  Area  located 
behind  the  south  end  of  Revere  Beach  was  determined  to  be  separate  from 
the  rest  of  the  area.  High  ground  at  Beach  Street  separates  this  area 
from  the  rest  of  the  study  area's  floodplain  with  the  exception  of  the 
MBTA  tracks  which  pass  under  Beach  Street.  A  sand  bag  closure  over  the 
tracks  is  all  that  is  needed  to  protect  the  area  behind  the  Park  Dike  from 
flooding  which  may  occur  in  the  Garfield  School  area.  Natural  drainage  of 
the  Garfield  area  would  not  be  affected  by  such  a  closure  since  this  area 
drains  south  to  Sales  Creek. 

I 

Flooding  of  the  Garfield  area  would  occur  from  backing  up  of  Sales 
Creek  starting  at  about  a  10  to  20  year  tide  event  when  Bennington  Street 
is  overtopped  at  the  downstream  end  of  Sales  Creek,  In  1978  floodwaters 
in  the  Suffolk  Dcwns  area  was  determined  to  be  about  EL. 8  ft.  NGVD,  well 
belcw  the  Revere  Beach  Parkway  by  Cerratani's  Market.  Construction  of 
the  Rcughans  Point  project  would  prevent  100  year  (1978)  flooding  by  way 
of  the  Eliot  Circle  intersection.  Only  a  tide  gate  on  Sales  Creek  is  then 
needed  for  100  year  protection  of  Garfield.  Die  tide  gate  was  justified 
based  on  the  damages  prevented  in  the  Garfield  School  Area. 

A  500  year  flood  with  a  tide  level  one  foot  higher  than  1978  would 
flood  Rcughans  Point  and  Suffolk  Dcwns  to  about  Elevation  11  ft.  NGVD  and 
overtop  both  the  Parkway,  META  tracks  under  the  Parkway  and  the  Elliot 
Circle  intersection.  Die  cost  of  preventing  the  flow  of  water  into  the 
Garfield  School  area  for  a  500  year  event  with  2000  feet  of  walls,  dikes 
and  road  raising  significantly  exceeded  the  additional  economic  benefits 
gained. 

Dierefore,  the  Garfield  School  area,  as  shown  in  the  following 
analysis,  can  only  be  justified  for  protection  to  the  100  year  level  which 
produces  the  highest  net  benefits  using  a  tidegate  on  Sales  Creek.  Die 
gate  wculd  be  closed  if  flood  waters  threatened  to  back  water  up  the  creek 
fran  Suffolk  Downs. 
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Net 


r m*? V * * My.viy  1 1 r t 


100  year  $  29,000  $  3,000  $106,000  $103,000 

500  year  $1,015,000  $85,000  $136,000  $  51,000 


PARK  DIKE  -  The  park  dike  prevents  tide  waters  overtopping  the  Revere 
seawall  from  entering  developed  areas  behind  it  and  along  its  drainage 
course  (County  Ditch)  to  Diamond  Creek  and  the  Pines  River.  The  estimated 
volume  of  water  overtopping  the  seawall  for  events  ranging  from  100  year 
to  the  SFN  event  are  695  to  2390  Acre-Feet  of  water.  There  is  no  way  to 
separate  this  area  from  preventing  flood  waters  from  naturally  flowing 
dcwn  the  county  ditch  under  Revere  Street  toward  Oak  Island.  In  the 
future  this  drainage  course  under  Revere  Street  would  most  likely  be 
opened  to  about  100  feet  wide  for  extending  the  MBIA  Blue  Line  tracks  to 
Iyim.  This  water  contributes  to  the  flooding  of  the  Wonderland  area, 

Tcwle  area,  Revere  Hicfi  School  area,  Kelley's  Meadow,  Oak  Island  area  and 
into  the  estuary  affecting  the  storage  in  the  estuary  which  is  used  to 
protect  areas  surrounding  the  marsh.  The  Floodgates  also  are  needed  to 
prevent  flooding  of  this  same  area  from  the  Pines  River.  Since  this  area 
is  not  separable,  it  does  not  warrant  separate  optimization. 

PONDING  AREA  WALL  -  The  area  behind  the  north  end  of  Revere  Beach  was 
analyzed  separately  since  residents  in  the  area  reported  very  little 
damage  resulting  from  watfr  overtopping  the  concrete  stepped  seawall.  The 
100  year  to  SFN  volumes  of  overtopping  were  estimated  to  range  from  255  to 
1165  acre-feet.  The  ponding  area  behind  these  hemes  is  nearly  large 
enough  to  hold  the  100  year  volume  with  ary  excess  overflowing  Rt.  1A 
(North  Shore  Road)  and  flaring  back  into  the  estuary  with  very  little 
damage  to  hones  in  the  area.  The  storage  area  in  the  estuary  could  handle 
this  volume  of  water.  The  water  rust  be  directed  toward  the  estuary  and 
not  allowed  to  flew  south  along  Revere  Beach  Boulevard  to  lower  developed 
areas.  A  500  foot  long  wall  at  the  south  bank  of  the  ponding  area  would 
prevent  water  from  flooding  south  to  Kelley's  Meadow  and  Oak  Island  areas 
and  beyond.  The  ponding  area  wall  is  not  a  separable  feature  since  the 
Floodgates,  and  other  features  are  used  to  reduce  damages  behind  Revere 
Beach. 
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The  control  of  the  estuary  reduces  damages  to  this  area.  Protection 
of  the  area  at  the  north  end  of  the  beach  can  be  considered  separable. 
Protection  of  the  ponding  area's  wetland  storage  is  the  next  level  to 
reduce  damages.  Protection  of  the  storage  area  can  be  acocoplished  with 
existing  wetland  regulation  enforcement  at  no  significant  cost  to  the 
plan.  The  next  level: 

To  raise  the  1800  foot  Revere  Beach  seawall  only  2  feet  and  provide 
additional  protection  to  the  area  behind  the  north  end  of  the  Revere  Beach 
seawall  is  not  justified.  The  cost  to  raise  the  wall  is  about  $2 
million.  An  annual  cost  of  $180,000  exceeds  the  may-inum  benefits 
($21,000)  to  be  gained. 


POINT  OF  PINES  -  The  Point  of  Pines  area,  during  nest  of  the  study,  was 
assumed  to  be  protected  by  the  separate  local  protection  project  approved 
for  construction  to  protect  the  area  at  the  optimized  100  year  level  with 
a  design  tide  of  EL.  10.3  ft.  NGVD.  The  Regional  Plan  was  initially 
formulated  assuming  the  project  would  be  built  prior  to  the  Regional 
Plan.  Consequently,  for  events  exceeding  the  100  year  level,  flood  waters 
overtopping  at  the  500  year  and  SPN  levels  into  Point  of  Pines  would  be 
stored  in  the  estuary.  When  the  city  of  Revere  advised  the  Corps  the 
project  could  not  be  built,  late  in  the  study,  the  project  was  checked  to 
see  if  a  higher  level  could  be  justified  when  integrated  with  the  Regional 
Plan.  The  following  summarizes  the  analysis  which  shows  Point  of  Pines 
remains  optimized  at  the  100  year  level. 


Point  of  Pines  Area  Economic  Analysis 


Net 

Benefits 

(1989  Tides) 

($millions) 

($1000) 

($1000) 

($1000) 

10  year 

$6.4 

$609 

$1529 

$  920 

100  year 

$6.5 

$618 

$1947 

$1329 

500  year 

$7.3 

$690 

$2011 

$1321 

If  the  Regional  Plan  proceeds  into  final  design,  the  dune/beach  model 
would  be  used  to  access  the  feasibility  of  using  sand  for  a  dune/beach 
system  possibly  in  lieu  of  all  or  part  of  the  revetments. 

L¥NN  HARBOR  -  Shorefront  protection  along  Lynn  Harbor  also  can  not  be 
separated  or  eliminated  from  the  rest  of  the  plan.  The  existing  walls  and 
shorefront  range  from  about  EL.  8  to  11.  The  100  year  to  SFN  Stillwater 
tide  levels  in  Broad  Sound  range  for  EL.  10.3  to  12.0.  The  waves  for 
these  storms  flews  in  freely  flooding  not  only  along  the  Saugus  River  at 
General  Electric  as  the  water  flows  to  the  estuary  exceeding  its  storage 
capacity  used  to  protect  the  other  occnunities.  The  Floodgates  are  also 
required  to  protect  the  same  area  from  overland  flooding  of  the  Pines 
River.  Therefore,  since  protection  along  Lynn  Harbor  is  not  separable,  it 
does  not  warrant  separate  optimization. 


A-132 


FLOODGATES  -  The  floodgates  can  not  be  separated  frcm  the  Park  Dike, 
Ponding  Area  Wall,  Point  of  Pines  or  Lynn  Harbor  features  or  eliminated 
frcm  the  rest  of  the  Regional  Plan  for  separate  incremental 
justification.  Without  the  floodgates,  floodwaters  would  affect  the 
entire  study  area.  Separate  optimization  is  therefore  not  required. 

REGIONAL  PLAN  -  Optimization  of  the  Regional  Plan  is  therefore 
accomplished  by  varying  the  height  of  all  other  structures  to  achieve 
various  design  Stillwater  tide  levels  of  EL.  10.3,  11.2  and  12.0  ft.  NGVD, 
or  (at  1989  tidal  conditions)  levels  of  protection  (e.g. ,  100  year,  500 
year,  and  SIN) .  The  Park  Dike,  Ponding  Area  Wall,  Floodgates  and  Lynn 
Harbor  shorefr^nt  which  are  not  separable  are  all  evaluated  together  for 
each  design  Stillwater  level.  The  Sales  Creek  Tide  Gate  and  Point  of 
Pines  which  were  justified  separately  are  held  constant  during 
optimization  of  the  other  features. 

ay.  plus  i. .foot  .Plan 

The  feasibility  of  increasing  the  design  level  of  protection  to 
account  for  one  foot  of  future  sea  level  rise  over  the  next  100  years 
assumes  the  requirement  to  raise  all  structures  in  the  SPN  plan  by  one 
foot  higher  (Alternative  l) ,  plus  several  additional  features  to  prevent 
all  the  damages  from  one  foot  rise  (Alternative  2) .  The  design  Stillwater 
tide  level  (SWL)  would  be  EL.  13  ft.  NGVD.  The  following  reflects  the 
changes  required  in  the  SIN  Plan  for  an  initial  analysis  of  an  SIN  +  1 
foot  plan. 

Alternative  1  -  Raise  SIN  Plan  Features  -  The  incremental  cost  of  raising 
the  SIN  Plan  features  vised  to  optimize  the  Regional  Plan  by  about  one  foot 
to  reduce  the  affect  of  one  foot  rise  in  sea  level,  is  explained  in  the 
next  paragraph  and  summarized  as  follows: 


Estimated 

Increased  Costs 

($  Millions) 

Floodgate,  Park  Dike,  "M"  Ponding 
Area  Wall,  Lynn  Harbor 
Reaches  B-E  -  $1.3 

Lynn  Harbor  Reach  F  Wall  -  0.1 

TOTAL:  $1.4  Million  increase 

Total  Alter.  #1  First  Cost:  SIN  Plan  §  $78.9  m  +  $1.4  mill.  Increase  *  $80. 3M 
Alternative  #1  Average  Annual  Cost:  $907 0k 

The  incremental  sea  level  rise  benefit  was  estimated  frcm  graphing  the 
sea  level  rise  benefits  far  the  three  plans  (100  year,  500  year  and  SIN) 
which  were  used  to  optimize  the  Regional  Plan  with  design  Stillwater  tide 
levels  of  Elevation  10.3,  11.2  and  12.0  ft.,  NGVD.  Projecting  the  results 
co  Elevation  13.0  provides  benefits  for  one  foot  higher  than  the  SIN  plan 
or  an  increase  in  benefits  of  $23,000. 

Alternative  #1  Benefits (in  $1000):  SIN  Plan  §  $10,860k+23=$10,883  k 
Alternative  #1  Net  Benefits  *  $10, 883k  -  9070k  =$1813  k 
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SEA  LEVEL  RISE  BENEFITS  ($1000) 

(FROM  RAISING  FLOODGATES. 

PARK  DIKE  &  LYNN  HARBOR  SHOREFRONTS) 


Alternative  #1  produces  higher  net  benefits  that  Alternative  #2,  which 
follows,  and  is  therefore  shewn  in  Table  26. 

Alternative  #2  -  Raise  all  overtccped  Shorefrcnt.  Features  - 

Alternative  #2  includes  raising  by  about  one  foot  all  shorefront 
features  subject  to  overtopping  by  an  EL.  13  tidal  storm. 

SKf.PlVjs..!  foot. .Plan. 

The  existing  Regional  Plan  features  which  increased  from  a  design  SWL 
of  EL.  11. 2  to  12  had  a  construction  cost  increase  of  about  $1.4  million. 
Part  of  this  increase  was  due  to  the  addition  of  an  1100  foot  gravity  wall 
in  Lynn  Harbor  Reach  F  which  cost  about  $450  K.  Except  for  the  wall,  the 
project  increased  0.8  feet  in  height  for  a  cost  increase  of  $1  million. 

Therefore,  a  1.0  foot  increase  in  the  height  of  the  floodgates,  park 
dike.  Reach  "M"  wall  and  Lynn  Harbor  (IH)  Reaches  B  to  E  is  about  $1.3 
million. 

The  additional  oast  of  raising  the  Lynn  Harbor  Reach  F  wall  is  about 
20%  (1  foot  in  five  feet)  or  about  $0.1  million. 

To  prevent  the  additional  foot  of  damages,  both  Point  of  Pines  and  the 
North  end  of  Revere  Beach  would  be  raised  about  a  foot.  Costs  for  raising 
the  north  end  of  the  Revere  Beach  seawall  was  developed  at  $2.3  million 
for  1800  feet  (Reaches  C58  and  Dl) .  In  addition  another  900  feet  in  Reach 
D2  would  be  raised  at  a  similar  cost  per  linear  foot  or  about  $1.2 
million. 

The  cost  of  raising  Point  of  Pines  revetments,  walls  and  dunes  one 
foot  is  estimated  at  an  additional  cost  of  $1.6  million. 

The  total  increase  in  the  project  cost  is  summarized  as  follows: 

Estimated 
Increased  Cost 
($  Millions) 


Floodgate,  Park  Dike,  "M"-Wall,  L.  Harbor  B-E  $  1.3 
Lynn  Harbor  Reach  F  Wall  0.1 
Raise  Revere  Beach  Wall  (C5B  &  Dl)  2.3 
Raise  Revere  Beach  Wall  (02)  1.2 
Reuse  Point  of  Pines  features  1.6 

$  6.5  Million  Increase 


A-134 


The  total  First  Cost  is  the  cost  for  SFN  protection  ($78. 9M)  plus  1 
foot  (+$6.5m) ,  car  a  total  of  $85. 4M.  The  maximum  additional  benefits  due 
to  sea  level  rise  is  the  residual  annual  damages  not  prevented  by  the  SIN 
plan,  or  $  328,000  (say  $330  K)  in  maximum  potential  benefits.  In 
addition  to  sea  level  rise  benefits,  additional  benefits  result  to  the 
North  end  of  Revere  Beach  at  a  maximum  value  of  $18,000,  and  to  Point  of 
Pines  which  is  the  additional  benefits  between  100  year  and  500  year 
protection  (excluding  sea  level  rise  benefits)  or  $38,000.  The  total 
benefits  (in  $1000)  therefore,  include:  the  SIN  plan  at  $10,860;  $330; 
$18  and  $38,  for  a  total  of  $11,246. 

Alternative  #2  Economic  Analysis  follows: 

Total  Benefits  $11,246,000 

Aver.  Ann.  Cost  $  9,650,000 

Alt. #2  -  Net  Benefits  $  1,596,000 

Reusing  the  project  for  design  SWL  level  of  EL.  13  ft.  NGVD  would  not  be 
justified  based  on  this  initial  analysis. 

Regional  Plan  Optimisation 

Table  26  sunmarizes  the  first  cost  and  economics  for  four  levels  of 
protection  by  the  Regional  Plan  for  design  Stillwater  tide  levels  (D6WL) 
of  Elevations  10.3,  11.2,  12.0  and  13.0  ft.  NGVD,  or  at  1989  tide 
conditions:  100  year,  500  year,  SFN  and  SFN  plus  1  foot  (Alternative  #1) 
for  sea  level  rise. 


Table  26 

Regional  Plan  Qptimizati<si) 

Net 


Level  of  attention 

first  Cost 

Annual  Oost 

Annual  Benefits 

Benefit? 

($millions) 

($1000) 

($1000) 

($1000) 

Alignment  #2: 

100  year 

$76 

$8,671 

$  9,829 

$1,158 

500  year 

$77 

$8,756 

$10,573 

$1,817 

SIN 

$79 

$8,942 

$10,860 

$1,918 

SFN+1  ft. 

$80 

$9,070 

$10,883 

$1,813 

Alignment  #1: 

100  year 

$81 

$9,199 

$  9,829 
$10,573 

$  630 

500  year 

$82 

$9,294 

$1,279 

SFN 

$84 

$9,489 

$10,860 

$1,371 

Alignment  #3: 

100  year 

$81 

$9,143 

$7,892 

-$1,251 

500  year 

$82 

$9,237 

$8,562 

-$  675 

SFN 

$84 

$9,430 

$8,850 

-$  580 

Alignment  #4: 

100  ''ear 

$81 

$9,129 

$7,892 

-$1,237 

500  year 

$82 

$9,222 

$8,562 

-$  660 

SFN 

$83 

$9,415 

$8,850 

-$  565 

Alignment  #5: 

100  year 

$85 

$9,607 

$7,892 

-$1,715 

500  year 

$86 

$9,707 

$8,562 

-$1,145 

SFN 

$88 

$9,911 

$8,850 

-$1,061 
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The  analysis  shows  that  the  Floodgates  at  Alignnent  #2,  Lynn  Harbor 
and  Park  Dike  achieve  their  maximum  net  benefits  at  the  SRI  level  while 
Point  of  Pines  produces  its  highest  benefits  at  the  100  year  or  minimum 
level  needed  to  stabilize  the  Regional  Plan  SHI  protection. 

Accelerated  Sea  Level  Rise  -  Generally,  t wo  basic  alternatives  could  be 
investigated  if  accelerated  rise  approaches  or  exceeds  two  feet. 

First  Potion:  The  existing  shorefront  structures  could  be  raised  to 
reduce  overtopping  and  the  floodgates  continue  to  operate  more  frequently 
and  for  a  few  hours  longer  each  time. 

If  sea  level  rise  approaches  four  feet,  navigation  locks  and  punping 
stations  may  need  to  be  installed  to  allow  vessels  unrestricted  access 
through  the  floodgates,  and  provide  for  interior  drainage.  Closure  of 
floodgates  would  be  occurring  so  frequently  under  the  four  foot  of  rise 
which  means  the  former  Standard  Project  Northeaster  levels  of  EL.  12  ft. 
NGVD  would  be  occurring  once  a  year.  Permanent  closure  of  the  estuary 
from  tides  would  be  one  option,  however,  an  unpopular  option  due  to  the 
potential  environmental  impacts. 

Second  Option:  With  accelerated  rates  approaching  or  exceeding  two 
feet  besides  raising  structures  along  the  coastal  shorefront,  low  level 
walls  and  dikes  of  2,  3  or  4  feet,  depending  an  the  rate  of  rise,  could  be 
constructed  around  the  estuary.  This  would  effectively  raise  the  start  of 
damage  so  to  keep  the  estuary  open  to  natural  flushing  as  proposed  under 
current  conditions  and  pror/ide  the  needed  storage  area.  This  alternative 
would  likely  be  more  cost  effective  and  acceptable  than  the  first  option. 
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If  the  rise  approaches  four  feet,  low  level  walls  and  dikes,  would 
likely  be  less  costly  than  locks  and  punping  stations.  However,  many 
conditions  would  need  to  be  considered  in  an  investigation  to  determine 
the  value  of  an  estuary  which  nay  be  losing  its  vegetated  wetlands  to  nud 
flats,  and  an  increasing  problem  of  interior  drainage.  Under  this  worse 
case  of  four  foot  rise,  according  to  the  National  Research  Council,  four 
feet  would  not  likely  be  reached  for  another  100  years  at  the  earliest.  A 
two  feet  rise  would  not  likely  occur  until  70  years,  at  the  earliest. 

Once  the  actual  rate  of  rise  is  determined  in  about  ten  to  twenty  years, 
there  would  be  anple  time  to  consider  and  implement  adjustments  in  the 
plan. 
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reKKSHOP  AND  SURVEY 


General  -  A  brochure  was  mailed  to  429  residents  in  Point  of  Pines, 
prior  to  the  30  June  88  Workshop  held  at  St.  John  Viarmey  Church  at  Point 
of  Pines.  About  80  people  attended  the  7:00  to  9:30  pm  meeting  on  a  rainy 
evening.  A  30  minute  slide  presentation  was  provided  on  the  problems, 
options  and  Regional  Plan.  Fifty-four  (54)  residents  returned  the  survey 
postcard.  Altogether  about  115  people  (25%  of  residents)  either  attended 
the  workshop  and/or  responded  by  the  postcards. 

The  post  card  survey  of  Point  of  Pines'  Residents  revealed  the  following: 

"Do  you  support  the  Regional  Plan  including  Flood  Protection  for  Point 
of  Pines?" 


Yes  (same  with  certain  conditions  met) :  35  (65%) 

Don't  Khow:  6  (11%) 

No,  unless  certain  conditions  met:  4  (7%) 

No  support:  9  (17%) 


TOTAL  54  (100%) 

Ocnments  received  in  the  Past  Card  Survey  were: 

Yqg  -  FespgTfenfcs 

.  It  is  something  that's  been  needed  a  long  time  and  will  stop  the 
flooding  in  this  area. 

.  We  live  in  fear  of  another  storm. 

.  Since  1946,  the  flooding  has  gotten  much  worse.  We  lived  through 
ones  in  1972,  1978  and  1979.  Anything  that  would  alleviate  this 
situation  would  be  most  welcome. 

.  I  have  lived  here  5  years  and  I  have  noticed  visual  erosion  on  Rice 
Ave  and  the  wall  area. 


(Continued) 
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Yes  -  Respondents  (Continued) 

Any  plan  is  an  improvement  for  flood  control. 

With  others,  I  am  concerned  about  the  environmental  protection  of 
the  area. 

Plan  is  unacceptable  without  protection  afforded  by  wall, 
revetment,  dunes  and  beach  in  Point  of  Pines. 

11  Corps"  to  maintain  gates  and  flood  control  areas. 

Prefer  0  &  M  &  R  responsibilities  of  Point  of  Pines  Beach  by  MDC 
rather  than  city  if  beyond  financial  capability  of  Beach 
Associations. 

Beach  must  be  kept  private  and  inproved  after  workshop  is 
completed. 

Flood  protection  for  the  Pines  must  be  uppermost. 

Make  the  Pines  Beach  a  Public  Beach  with  resident  parking  only  on 
all  streets.  Have  MDC  maintain  beach  and  enforce  parking 
violations. 

I  would  like  the  most  feasible  and  most  economical  project. 

This  is  contingent  on  the  Point  of  Pines'  project  to  be  done  also. 
If  Point  of  Pines'  beach  will  continue  to  be  private,  a  mist--  If 
the  floodgates  are  going  to  help  all  of  Rice  Ave.  from  not 
flooding.  Who  will  maintain  upkeep  and  repairs  to  floodgate  in  the 
years  to  come  -  costs? 

Keep  the  MDC  and  local  politicians  out  of  the  master  planning. . 

I  am  in  full  support  of  Plan  for  beach. 

What  becomes  of  the  privacy  of  our  beach?  Construction  problems? 

Response,  unless  following  conditions  are  met: 

Why  aren't  we  increasing  the  height  of  seawalls  for  flood 
protection? 

Feel  the  possibility  of  losing  beach  areas.  Residents  want  this 
beach  area  to  stay. 

we  want  protection  for  all  of  Rice  Ave.  The  wall  should  be  hictfner 
and  longer. 

This  project  does  not  reflect  any  assistance  to  the  Point  of  Pines' 
flooding  and  care  of  the  beach  front. 

NQ.SWPrt  -Begxmge: 

Steering  Ocranittee  has  no  representatives  from  beach  association. 
Too  costly  and  benefits  do  not  outweigh  the  disturbance  to 
occmmity,  risk  of  loosing  private  beach  and  spoiling  the  beauty 
of  the  area.  -  ugly  gates  and  waste  of  Federal  money. 

I  support  most  aspects  of  this  plan  but  I  am  totally  opposed  to  the 
flood-gates. 

I  don't  like  the  floodgate  proposed. 

Nothing  will  make  it  acceptable,  leave  my  beach  alone. 
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Suninary  of  Workshop  Comments: 

a.  Flood  protection  is  needed 


b.  A  strong  fear  that  their  private  beach  and  dunes  would  be  lost  if 
opened  to  the  public  use,  as  a  result  of  this  project. 

c.  If  the  beach  could  be  kept  private,  a  number  of  people  were 
agreeable  to  reusing  walls  2  to  3  feet  higher. 

d.  Several  people  voiced  an  imbalance  of  benefits  versus  impacts. 

They  pointed  out  that  Point  of  Pines  bears  much  of  the  visual  and 
construction  impacts  while  the  whole  region  benefits. 

e.  There  was  a  strong  concern  that  the  Corps  should  operate  and 
maintain  the  floodgates  to  assure  its  effective  and  proper 
operation. 

f .  After  the  meeting,  Ocuncillor  Rosa  requested  Mr.  Stringi  prepare  a 
letter  of  support  for  the  plan  with  appropriate  conditions  listed 
far  sending  to  legislators. 

g.  Other  questions  addressed  such  issues  as: 

.  there  will  the  flood  waters  go,  if  it  doesn't  enter  the  estuary  - 
cause  flooding  elsewhere? 

.  thy  are  people  being  allowed  to  fill  wetlands?  This  leaves  no 
place  for  water  to  drain  to. 

.  How  long  will  construction  take  and  can  they  be  constrained  to  work 
only  regular  working  hours? 

.  Could  the  floodgates  be  moved  closer  to  the  bridge  to  eliminate 
impact  on  views  and  beach  less? 

.  Will  it  be  possible  for  the  oannunity  to  have  a  representative 
working  with  the  Corps  in  the  future  to  monitor  progress? 

.  What  kind  of  security  would  there  be? 

.  Can  the  association  maintain  the  beach  rather  than  MDC  or  city? 

.  Ary  improvements  to  pump  station? 

.  Is  the  plan  a  forgone  conclusion  or  can  it  be  stopped? 

.  Aren't  breakwaters  cheaper  and  less  impacting? 
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ADDENDUM  1 


PUBLIC  VIEWS  AND  RESPONSES 

Hie  following  are  public  raiments  received  in  letters  prior  to  public 
review  of  the  report. 

U.  S.  CONGRESSMEN 

Nicholas  Mavroules  -  "...the  use  of  floodgates  on  the  Saugus  River,  could 
offer  a  complete  solution  to  eliminate  the  threat  of  flooding,  and  yet 
maintain  both  river  navigation  and  preservation  and  enhancement  of  the 
Saugus  Marsh."  (Feb.  25,  1986) 

"...  I  reiterate  my  support  for  the  proposed  flood  damage  reduction  plan 
for  the  Saugus  River  and  Tributary  on  behalf  of  the  ccmnunities  of  Lynn, 
Saugus,  Revere  and  Malden,  Massachusetts.  I  must  concur  that  the 
preliminary  plan  that  incorporates  the  use  of  floodgates  on  the  Saugus 
River  tied  into  shorefront  protection  along  Revere  Beach,  Lynn  Harbor  and 
Lynn  Beach  would  offer  the  maximum  protection  to  the  5,000  residential, 
public,  ocnmercial  and  industrial  buildings  and  several  major  arteries  in 
this  area."  (Apr.  13,  1987) 

Edward  J.  Markey  -  . .Let  me  reiterate  my  concern  for  the  safety  of  the 

Revere  shoreline  and  my  ccmrutment  to  assist  the  Corps  and  the  City  of 
Revere  with  its  long  term  protection."  (Mar.  4,  1982) 

" . .  .1  am  writing  to  express  my  strong  support  of  the  project  undertaken  by 
the  U.S.  Army  Corps  of  Engineers  in  developing  a  flood  damage  reduction 
study  for  the  Saugus  River  and  its  tributaries.  This  project  is  of  great 
importance  to  the  cities  of  Revere,  Malden,  Lynn  and  Saugus.  Given  the 
history  of  severe  flooding  and  extensive  property  damage  to  local 
businesses  and  residences  in  these  ocranunities,  I  urge  you  to  complete 
this  study  and  continue  development  of  a  ocnprehensive  flood  control 
plan.  This  is  a  project  that  I  fully  support  and  one  that  will  benefit 
the  citizens  of  Revere,  Malden,  Saugus  and  Lynn."  (Apr.  8,  1986) 

STATE  LEGISLATURE 

Representative  Alfred  E.  Saggese,  Jr.  -  ". .  .1  am  writing  to  voice  my 
strong  support  for  the  Flood  Damage  Reduction  Study  undertaken  by  your 
office  in  the  ccraxunities  of  Revere,  Lynn,  Saugus  and  Malden.  As  you 
proceed  into  the  final  selection  phase,  please  be  assured  that  I  am 
prepared  to  assist  you  at  the  legislative  level.  I  will  work  to  insure 
that  you  receive  ample  funding."  (Apr.  29,  1986) 

FEDERAL  AGENCIES 

Fish  and  Wildlife  Service  -  .  .The  Broad  Sound  Area  supports  a  wide 

variety  of  significant  fish  and  wildlife  resources.  These  include 
shellfish  and  other  marine  invertebrates;  anadresncus,  catadraanous,  and 
marine  fishes;  resident  and  migratory  birds,  including  waterfowl, 
shorebirds,  wading  birds,  sea  birds,  passerines  and  raptors;  and  resident 
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manuals.  The  Saugus-Pines  River  Estuary,  with  over  750  acres  of  salt 
marshes,  mudflats,  and  shallow  subtidal  channels,  is  one  of  the  most 
biologically  significant  estuaries  in  Massachusetts  north  of  Boston." 

Gordon  E.  Beckett,  Supervisor,  New  England  Area.  (Jun  22,  1988) 

"...Ihe  importance  of  the  Saugus  and  Pines  River  estuary  cannot  be 
overemphasized  since  it  contains  a  wide  variety  of  public  trust 
resources.  Nearly  70  percent  of  all  ocnmercial  fish  and  shellfish 
resources  are  dependent  upon  estuaries  for  spawning  and  nursery  grounds. 

One  of  the  primary  issues  regarding  your  preferred  alternative  is  how  the 
tidal  barrier  would  impact  the  estuary  and  the  organisms  dependent  upon 
it.  We  are  also  concerned  that  a  closed  floodgate  could  alter  the  pH, 
salinity,  temperature,  dissolved  oxygen  and  contaminant  accumulation  as 
freshwater  runoff  from  interior  storage  areas  become  locked  into  the  marsh 
during  storm  events." 

". . .The  1-95  embankment  acts  as  a  barrier  to  incoming  tides,  reducing  the 
historic  high  water  mark  by  at  least  six  inches.  Restricted  flows  through 
the  floodgate  in  combination  with  the  1-95  embankment  will  further  reduce 
the  amount  of  water  reaching  the  back  of  the  marsh.  It  is  our 
understanding  that  one  of  the  arguments  for  not  removing  the  1-95 
embankment  is  that  it  acts  as  a  barrier  in  reducing  flood  waters  from 
adversely  impacting  the  Towns  of  East  Saugus  and  Saugus,  except  during 
unusual  severe  storms.  Since  the  material  in  the  embankment  is  earmarked 
far  various  state  and  federal  projects,  we  encourage  the  Corps  to  work 
with  those  agencies  to  remove  the  1-95  embankment.  Removal  of  this 
impediment  will  enhance  the  quality  and  characteristics  of  the  estuary  by 
allowing  an  additional  minimum  of  six  inches  of  tided,  water  to  circulate 
through  the  back  portions  of  the  marsh." 

". .  .Hie  Service  recommends  the  Corps  identify  the  landowners  of  the 
estuary  and  explore  the  possibilities  of  purchasing  the  marsh  to  preserve 
its  functions  as  floodwater  storage,  fisheries  and  wildlife  habitat  and 
recreational  values.  The  estuary  is  an  outstanding  resource  in  an 
otherwise  urban  environment.  As  such,  it  is  worthy  of  special  management 
consideration. " 

"  The  Service  is  also  concerned  that  implementation  of  the  floodgate 
option  may  stimulate  secondary  development  in  and  along  the  fringes  of  the 
marsh." 


". .  .The  four  local  protection  plans  being  considered  under  Option  l  also 
have  the  potential  to  adversely  impact  the  estuary."  Vernon  Lang,  Acting 
Supervisor,  New  England  Area.  (Nov  9,  1987) 
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FEDERAL  EMERGENCY  MANAGEMENT  AGENCY 

M. .  .We  have  examined  both  the  Project  Information  Report  and  the  Draft 
(EHS)  Outline  and  agree  that  Option  #  3  the  Regional  Saugus  River 
Floodgate  Plan  would  represent  the  most  beneficial  solution  for  tidal 
flooding  protection  in  this  area."  Edward  A.  Thecas,  Chief,  Natural  & 
Technological  Hazards  Division.  (Jul  2,  1987) 

NATIONAL  MARINE  FISHERIES  SERVICE 

.  .The  Saugus/Pines  River  Estuary  supports  papulations  of  valuable 
fishery  resources  such  as  winter  flounder,  alewife,  American  eel  and  soft 
shell  clam.  The  estuary  provides  spawning,  nursery,  and  feeding  habitat 
for  these  and  other  aquatic  species,  and  is  bordered  by  extensive  salt 
marsh  wetlands  and  intertidal  mudflats.  Any  structural  method  of  reducing 
flood  damage  must  provide  for  the  maintenance  of  these  aquatic  populations 
and  habitats."  Thcmas  E.  Bigford,  Branch  Chief,  (Jul  2,  1987) 

"...Overall,  we  will  be  reoccmend.ing  the  development  of  a  project  that  is 
the  least  environmentally  damaging  to  aquatic  resources.  Efforts  to  avoid 
or  reduce  the  filling  of  tidcil  wetlands,  maintain  tidal  flushing  and 
circulation,  and  minimize  the  disturbance  of  fish  and  shellfish 
populations  should  be  pursued."  Bruce  E.  Higgins,  Deputy  Chief, 

(Dec  2,  1985) 

U.S.  Ehvironmental  Protection  Agency. 

". .  .We  believe  from  a  Section  404  and  overall  environmental  perspective. 
Option  #3  with  a  floodgate  structure  near  the  General  Edwards  Bridge  is 
the  most  promising  action.  Minimal  wetland  loss  and  maximum  flood 
protection  appear  to  be  achievable  while  maintaining  existing  hydrological 
conditions,  vegetation,  fisheries,  wildlife,  and  current  uses.  Identi¬ 
fying  the  100  year  and  500  year  floodplain  elevations  and  requiring  the 
purchase  or  easement  acquisition  of  the  floodway  for  flood  retention  could 
in  the  long  term  be  an  important  measure  in  educating  the  public  and  local 
governments  to  the  resource  values  in  the  Saugus  and  Pines  River  estuar¬ 
ies,  and  the  need  to  protect  the  estuaries  from  development,  unregulated 
fill,  and  dumping.  We  support  the  continued  study  of  no  action.  Option  #1 
and  Option  #2  for  oenparative  alternatives  and  environnental  analyses 
under  Section  404  and  NEPA,  but  believe  these  alternatives  could  result  in 
lower  flood  protection  and  higher  environmental  costs. 

EPA's  main  concern  with  the  proposed  project  is  the  protection  of  the 
existing  saltmarsh  estuary.  As  you  know,  the  Pines  River  Watershed  and 
the  Saugus  River  Watershed,  including  adjaoent  wetlands  and  direct 
tributary  systems,  are  included  as  a  priority  waterbody/wetland  in  "EPA's 
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Priority  Wetland  Listing  for  New  England."  This  designation  as  a  priority 
waterbody/wetland  is  due  to  the  high  resource  values  (extensive  mudflats 
and  saltmarsh;  anadrcmous  fish;  large  population  of  softshell  clams,  and 
other  shellfish;  and,  winter  flounder  and  smelt  spawning  grounds) 
threatened  by  further  industrial  development  in  an  already  stressed 
ecosystem,  creation  of  federal  navigation  channels,  and  expansion  of 
marine  facilities." 

The  Massachusetts  Coastal  Zone  Management  Plan  reocnmends,  "that  the 
Saugus/Pines  River  Marsh  be  the  highest  priority  for  restriction  under  the 
state's  Wetlands  Restriction  Programs."  Unfortunately,  the  Massachusetts 
Coastal  Zone  Management  Plan  and  the  Massachusetts  Wetland  Protection  Act, 
even  in  combination  with  federal  wetland  and  flood  protection  regulations, 
have  not  been  highly  effective  in  protecting  the  resources  of  the  Saugus 
and  Pines  River  estuaries.  Elizabeth  A.  Higgins,  Assistant  Director  for 
Eftvirormental  Review.  (Jun  17,  1986) 

STATE  AGENCIES 

Executive  Office  of  Environmental  Affairs 

". .  .Recently,  I  sent  you  a  copy  of  my  November  9,  1987  letter  to 
Ocnmissioner  Geary  of  the  Metropolitan  District  Commission  accepting  with 
great  pleasure  the  MDC's  offer  to  serve  as  the  CcBraonuealth's  joint 
proponent  with  the  ooonunities  of  Lynn,  Malden,  Revere,  and  Saugus  and  the 
U.  S.  Army  Corps  of  Engineers  on  the  Saugus  River  Flood  Damage  Reduction 
Project.  This  marks  a  milestone  in  the  continued  intergcn/ernnental 
cooperation  on  this  project. 

I  want  to  reiterate  my  strong  support  for  this  prooess.  I  would  also 
like  to  thank  you  far  the  active  role  of  the  Carps  in  fostering  both  the 
process  and  the  spirit  of  cooperation.  In  this  regard,  I  assure  you  that 
the  Ocrancnwealth  will  continue  to  work  with  the  Corps  in  assessing  the 
appropriate  course  of  action  for  this  project."  James  S.  Hoyte, 
Secretary.  (Dec  14,  1987) 

"...Dear  Commissioner  Geary:  It  is  with  great  pleasure  that  I  accept 
your  offer  to  serve  as  the  Commonwealth's  joint  proponent  with  the  U.S. 
Army  corps  of  Engineers  in  the  Flood  Damage  Reduction  Project.  This 
project  is  of  great  importance  at  all  levels  of  government  and,  as  you 
point  out,  relates  closely  to  several  ongoing  efforts  by  the  Metropolitan 
District  Commission.  Thus,  I  do  hereby  confirm  the  MDC  as  a  joint 
proponent  on  EDEA  #6497  and  shall  publish  a  notice  of  this  determination 
in  the  next  issue  of  the  Environmental  Monitor. 
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"...Again,  it  is  with  pleasure  that  I  accept  your  offer;  it  narks  a 
milestone  in  cooperation  for  this  project  and  will  help  to  assure  a 
successful  conclusion. M  James  S.  Hoyte,  Secretary.  (Nov  9,  1987) 

"...In  general,  the  Commonwealth  prefers  nonstructural  flood  damage 
reduction  solutions,  such  as  floodproofing,  which  clearly  pose  lesser 
environmental  impacts.  As  your  proposal  develops,  more  substantative  data 
will  become  available  that  will  allow  for  a  comprehensive  assessment  of 
the  proper  remedial  option."  James  S.  Hoyte,  Secretary.  (Feb  19,  1986) 

MEJRDFOLmN  DISTRICT  CCM1ISSICN 


ML 


State  Aoencv 


"...Dear  Secretary  Hoyte,  The  Metropolitan  District  Ocnmission  has  a  vital 
interest  in  this  project.  Important  areas  of  mutual  interest  exist 
between  the  Corps  and  MDC  that  synchronization  is  a  necessity  for  flood 
control  structures,  modes  of  operation  and  the  hydrology  and  hydraulics  of 
the  Saugus  Marsh.  Cm  September  24,  1987,  the  U.S.  Army  Corps  of  Engineers 
presented  a  briefing  of  their  project  to  the  MDC,  cognizant  of  our 
associated  project  for  flood  control  at  Town  Line  and  Linden  Brocks, 
including  the  Revere  Punping  Station  and  the  Revere  Beach  Master  Plan. 
Colonel  Rhen  and  I  discussed  the  interfacing  of  our  responsibilities  and 
concluded  that  continued  coordination  will  be  beneficial  to  the  public  by 
reducing  construction  costs  and  sharing  project  benefits  in  three  major 
areas  of  concern. 


"...Chief  among  these  is  the  Corps'  intended. . . flood  reduction,  including 
a  flood  barier  across  the  mouth  of  the  Saugus  River  downstream  of  the 
General  Edwards  Bridge. . .  The  next  area  of  concern  is  the  MDC  park  dike 
at  Revere  Beach.  This  represents  the  solution  to  the  wave  overtopping  at 
Revere  Beach.  The  Corps  has  adopted  the  MDC  Master  Plan  for  a  secondary 
seawall  and  park  diking  to  form  a  storm  water  retention  basin  in  this 
area.  The  third  area  of  interest  is  the  Corps'  barrier  project  is  on  or 
adjacent  to  MDC  property  including  parts  of  the  Saugus  and  Pines  Rivers, 
Lynn  and  Revere  Beaches. 

My  wish  is  to  culminate  the  flood  protection  project  by  restoring  the 
natural  beauty  of  the  marsh  and  environment  with  a  public  park  which  would 
enhance  the  marsh,  prevent  further  urbanization  and  encroachment.  I 
recommend  that  you  name  the  MDC  as  the  proponent  state  agency  because  of 
these  advantages."  William  Geary,  Commissioner.  (Oct  9,  1987) 
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MASSACHUSETTS  COASTAL  ZCNE  MANAGEMENT 


"Option  2.  Nonstructnral  Plans  -  MCZM  favors  this  alternative  because  it 
provides  reduction  in  :lood  damages  yet  does  not  encourage  continued 
encroachment  in  floodprone  or  environmentally  sensitive  areas.  A  detailed 
economic  analysis  must  be  provided  that  documents  why  this  option  is  not  a 
feasible  alternative. 


"Option  3.  Regional  Saugus  River  Flood  Gate  Plan  -  A  delineation  and 
discussion  of  the  wetland  areas  within  the  study  areas,  similar  to  the  one 
requested  for  Option  1,  would  be  necessary  far  this  option.  In  addition, 
a  complete  analysis  of  the  present  flushing  characteristics  of  the  estuary 
must  be  ocnpleted.  This  analysis  must  address  tidal  circulation  patterns, 
flushing  rates,  that  anplitude  and  phase,  sediment  transport  rates  and 
disposal  patterns.  A  ccnplete  ecological  survey  of  the  estuary  must  also 
be  included  in  this  analysis,  cnee  the  existing  conditions  one  fully 
understood,  the  affect  of  the  tidal  gate  on  these  same  parameters  must  be 
analyzed.  The  fined  placement  site  of  the  tidal  gate  could  also 
potentially  affect  storm  surge  level  to  areas  immediately  adjacent  to  the 
tided  gate.  Therefore  a  detailed  surge  model  should  be  generated  far 
Broad  Sound. 


"General  Oonroents.  It  would  seem  appropriate  that  the  expenditure  of  such 
a  large  some  of  taxpayer  money  should  produce  some  type  of  public  benefit 
that  can  be  utilized  by  everyone,  especially  since  the  private  sector  will 
benefit  so  much  from  this  project,  ftoblic  walkways  or  fishing  areas 
should  acoonpany  all  of  the  options. 

"The  selection  of  either  Option  1  or  Option  3  would  directly  increase 
the  encroachment  of  development  on  the  Saugus  River  estuary.  Providing 
flood  protection  to  the  upland  floodplain  will  encourage  more  residential 
and  industrial  development  of  the  area.  Whatever  option  is  finally 
selected,  it  must  incorporate  the  long-term  protection  of  the  Saugus 
Estuary.  It  will  be  required  that  some  type  of  long-term  proteciton  is  a 
oenpanent  of  the  final  plan. 

"It  is  well  documented  that  relative  sea  level  rise  has  been  ongoing 
at  an  approximate  rate  of  one  foot  per  century  far  at  least  the  past 
several  hundred  years  (based  on  tidal  records) .  The  Environmental 
Protection  Agency  has  generated  estimates  that  this  rate  could  increase 
substantially  in  the  next  100  years.  Because  this  project  is  expected  to 
have  a  life  expectancy  of  100  years,  the  planning  of  this  project  should 
incorporate  an  analysis  of  the  future  effectiveness  of  the  project  based 
on  the  presort  day  rate  of  relative  sea  level  rise.  Consideration  should 
also  be  given  to  the  EPA  estimates  of  future  sea  level  rise  rates. 

"Please  be  advised  that  this  project  will  be  subject  to  federal 
consistency  review  by  this  Office  before  arty  federal  action  can  be  taken." 
Richard  F.  Delaney,  Director,  MCZM.  (Apr  23,  1987) 
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"...Following  review  of  the  three  options,  it  is  the  Department's  opinion 
that  Option  #2  would  result  in  least  inpact  on  the  interest  identified  in 
the  Wetlands  Protection  Act.  Options  #1  and  #3  would  probably  result  in 
significant  alternation  of  a  number  of  coastal  resource  areas;  including 
Salt  Marsh,  Coastal  Bank,  Barrier  Beach,  Coastal  Dune,  Coastal  Beach,  Land 
under  the  ocean  and  possibly  Land  Containing  Shellfish.  The  Department, 
in  recognizing  the  local  flooding  problem,  would  favor  Option  #2  or  any 
other  option  that  would  result  in  the  least  amount  of 
destnxticn/ alteration  of  the  resource  areas  identified  in  the  Wetlands 
Protection  Act.  The  department  would  also  favor  any  option  that  would 
restrict  further  development  in  areas  prcned  to  coastal  flooding." 

William  A.  Krol,  P.E. ,  Deputy  Regional  Environmental  Engineering.  (Feb  12, 
1986) 

". . .The  Department  is  concerned  with  water  quality  of  the  rivers  and 
estuaries  to  make  sure  they  meet  the  water  quality  standards  and 
classification  assigned  to  the  rivers." 

" . .  .The  Department  feels  the  main  problem  with  options  one  and  three  in 
the  proposed  is  the  impact  on  the  wetlands." 

". .  .Any  alteration  of  the  natural  course  of  flow  for  the  rivers  will 
change  the  currents  and  stream  flow.  This  could  cause  settling  of  solids 
in  backwaters,  thus  filling  in  the  wetlands  and  stream  channels  or  cause 
scouring  and  sediment  resuspension  where  new  currents  and  backwaters  are 
created.  Furthermore,  a  change  in  saltwater  -  freshwater  mixtures  could 
cause  a  change  in  biological  habitats  and  communities.  If  death  or  decay 
of  living  organisms  occurred,  water  quality  degradation  could  occur." 

Margo  T.  Webber,  Assistant  Sanitary  Engineering.  (Feb  3,  1986) 


". .  .Floodproofing  appears  to  offer  the  least  potential  for  environmental 
impact,  tut  may  not  offer  cost  effective  damage  reduction.  The  local 
protection  alternative  appears  to  have  the  greatest  potential  far  impacts 
to  wetlands,  unless  the  barrier  structures  can  be  moved  landward  to  avoid 
fill  in  and  disturbance  to  wetlands.  The  barrier  alternative  may  offer 
the  most  complete  flood  protection,  but  also  has  the  greatest  potential  to 
affect  the  dynamics  of  the  estuary."  Samuel  G.  Mygatt,  Executive 
Director,  EIR.  (Dec  13,  1985) 

DIVISION  OF  FTSHFBTES  AND  WILDLIFE 

". .  .Remaining  wetlands  in  Massachusetts  are  all  valuable  and  any  plans  to 
protect  structures  built  on  flood  plains  should  not  be  at  the  expense  of 
salt  marsh  habitat. 
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. .  .We  would  prefer  seeing  Option  #2  but  believe  Option  #3  would  be 
preferable  to  Option  #1  since  it  would  minimize  impact  on  salt  marsh 
ecology  with  minimal  habitat  destruction."  H.W.  Heusmann,  Waterfowl 
Biologist,  (Dec  12,  1985) 

DIVISION  OF  MARINE  FISHERIES 

". .  .As  I  stated  at  the  November  19th  meeting,  our  main  concerns  will  be 
loss  of  marsh  and/or  shellfish  habitat,  effects  on  anadranous  fish,  and 
changes  in  the  hydrology  of  the  system  which  result  in  slower  flushing  of 
contaminants,  changes  in  tidal  amplitude,  or  changes  in  water  quality, 
especially  salinity."  James  J.  Fair,  Jr.,  Assistant  Director.  (Ncrv  20, 
1985) 

cm.  STJUBB? 

MAYOR  OF  LYNN 

"...  Please  be  advised  that,  as  the  chief  elected  official  of  the  City  of 
Lynn  I  would  like  to  be  recorded  in  favor  of  the  Regional  Saugus  River 
Floodgate  Plan,  as  the  preferred  alternative  to  protect  our  ooastal  area 
from  further  flood  damages." 

". . .1  have  reviewed  the  facts  presented  with  the  Environmental 
Notification  Form  for  the  project  and  support  this  plan,  within  its  high 
economic  benefits,  high  degree  of  protection  and  reduced  envircnnental 
impacts,  far  additional  study  to  address  the  control  of  this  regional 
ooastal  flooding  problem."  Albert  V.  DiVirgilio,  Mayor.  (Mar  23,  1987) 

". . .1  reassert  the  City  of  Lynn's  strong  support  for  the  project  which 
will  prevent  tidal  flooding.  We  also  reiterate  our  offer  of  assistance  in 
whatever  capacity  needed  to  expedite  a  solution."  Albert  V.  DiVirgilio, 
Mayor.  (Mar  11,  1986) 

" . .  .The  city  of  Lynn  requests  that  the  Army  Corps  of  Engineers  investigate 
flooding  conditions  and  determine  the  feasibility  of  oonstructing  a  flood 
control  project.  Tidal  flooding  has  been  a  continuing  problem  both  from 
Lynn  Harbor  and  the  Saugus  River.  The  timber  bulkhead  along  the  harbor, 
which  is  about  50  years  old  and  a  mile  long,  was  severely  overtopped  and 
damaged  in  the  blizzard  of  '78.  The  bulkhead  supports  the  landfill  for 
the  harbor's  industrial  and  ccnmercial  development,  in  1978,  tide  waters 
overtopped  the  bulkhead  and  flc  tied  areas  up  to  three  or  four  feet  deep, 
including  the  Eynnway  which  serves  one  of  the  City's  major  business 
districts. 
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". .  .Several  solutions  were  explored  and  one  in  particular,  would  benefit 
the  ocranunities  of  Lynn,  Revere,  Saugus  and  Malden.  A  tidal  barrier  with 
a  navigation  gate  across  the  Saugus  River  connecting  to  shore  protection 
in  Lynn  and  Revere  would  eliminate  tidal  flooding  problems  for  over  2300 
hemes  and  businesses  in  these  ocranunities.  The  city  of  Lynn  is  strongly 
supportive  of  projects  to  prevent  tidal  flooding  and  will  provide  whatever 
assistance  needed  to  expedite  a  solution."  Antonio  J.  Marino,  Mayor, 

City  of  Lynn.  (Dec  17,  1985) 

LYNN  CONSERVATION  CCMOSSICN 

In  Lynn,  the  effects  of  unusually  high  water  in  the  Saugus  River  are 
not  confined  to  the  areas  immediately  bordering  the  river.  These  effects 
also  can  be  felt  throughout  a  considerable  part  of  the  city  —  via 
Strawberry  Brook  to  Flax  and  Sluice  Ronds,  and  in  turn  to  the  brooks  and 
streams  feeding  into  the  ponds.  In  short,  the  irqpact  of  Saugus  River 
flooding  can  extend  virtually  as  far  as  Lynn  Woods.  Paul  A.  Fetrowski, 
Chairman.  (Dec  17,  1985) 

qPLQE-MM«E 

MAYOR  OF  MAIDEN 

". .  .1  support  this  investigation  and  look  forward  to  working  with  the 
Corps  of  Engineers  to  develop  a  project  to  protect  our  residents  from 
coastal  flooding."  Thomas  A.  Fallon,  Mayor.  (Aug  2,  1985) 

MAIDEN  CONSERVATION  CCMOSSICN 

"...The  oenmission  appears  to  lean  towards  Option  3,  the  Gcnpirehensive 
Plan,  which  includes  the  tidal  barrier.  A  proposed  punping  station  would 
be  extra  protection.  The  marshes  in  the  Saugus  and  Pines  River  estuaries 
could  be  useful  as  natural  storage  areas  for  interior  runoff.  The 
Commission  is  in  favor  of  any  planned  studies  of  the  flooding  problem 
which  help  bring  about  a  positive  solution,  especially  in  the  Town  Line 
Brook  and  Linden  Brook  areas,  which  would  greatly  benefit  the  City  of 
Malden."  Charles  V.  Maccario,  Chairmhn.  (Feb  10,  1986) 

MALDEN  PLANNING 

". .  .Please  be  advised  that  the  city  of  Malden  supports  any  project  which 
will  reduce  the  threat  of  coastal  flooding  to  the  city. .  .Our  chief 
concern,  besides  the  protection  of  existing  structures  within  the  100  year 
floodplain,  is  the  ability  to  develop  the  10+  acres  of  land  remaining 


1-9 


vacant  within  the  area  now  in  danger  of  flooding  have  three  other  general 
concerns  which  do  not  relate  to  Malden's  location  within  the  watershed, 
but  which  I  feel  are  important  enough  to  air  here.  First,  ary  work  in 
this  area  should  include  the  total  removal  of  the  gravel  deposited  on  the 
marsh  for  the  failed  1-95  extension. .  .Second,  there  has  been  no  mention  to 
my  knowledge  of  the  potential  shoaling  problem  which  will  undoubtedly 
result  if  the  flood  gates  significantly  narrow  the  mouth  of  the 
river. .  .Finally,  imch  has  been  printed  lately  about  the  potential  for 
rising  sea  levels  due  to  the  greenhouse  effect.  What  will  be  the  life 
expectancy  of  this  project  if  these  predictions  prove  accurate?**  Alfred 
L.  Thurlow,  Principal  Planner.  (Apr  8,  1987) 

Cm  OF  REVERE 

"...Re:  City  of  Revere,  Point  of  Pines  Flood  Protection  Plan." 

". . .This  inportant  flood  protection  plan  was  initiated  as  a  result  of 
flood  damages  sustained  during  the  "Blizzard  of  78".  The  City  of  Revere 
has  long  been  committed  to  this  plan  and  has  sought  every  available  option 
in  an  attempt  to  secure  State  funding  to  assist  in  the  cost  sharing  of 
this  project.  The  current  financial  demands  placed  on  the  delivery  of 
basic  City  services  under  the  guides  of  proposition  2  1/2  however,  has 
inhibited  ary  attempts  to  exercise  local  funding  initiatives  far  this 
project.  Unfortunately,  the  City  of  Revere  is  unable  to  commit  to  the 
funds  necessary  to  bear  the  local  cost  sharing  of  the  project." 

". .  .As  it  has  been  indicated  in  previous  correspondence  with  the  Corps  of 
Engineers,  a  comprehensive  flood  protection  plan  which  ccmbinep  the  flood 
protection  measures  proposed  for  the  Point  of  Pines  area  with  the  regional 
flood  gate  plan  would  be  strongly  supported  by  this  office.  The  inclusion 
of  the  Point  of  Pines  area  into  the  Regional  Floodgate  Plan  is  essential 
in  assuring  complete  protection  cn  a  regional  level.  Also,  this  effort 
represents  the  final  opportunity  to  provide  flood  protection  to  the  Point 
of  Pines.  The  City  of  Revere  will  pursue  funding  assistance  from  the 
State  and  request  the  State  sponsor  of  the  regional  plan  to  share  the 
costs  in  an  effort  to  off-set  the  impacts  associated  with  siting  the 
regional  flood  gate  structure  adjacent  to  the  Point  of  Pines." 

". .  .A  comprehensive  flood  protection  plan  which  is  tied  with  floodgate 
alignment  #2  would  provide  the  highest  protection  to  the  Point  of  Pines. 
Saugus  River  and  Tributaries  and  is  reocmmended  by  this  office."  George 
V.  Oolella,  Mayor.  (Jun  10,  1988) 

RE:  Point  of  Pines  Section  205  Flood  Protection  Project,  Revere. 

". .  .It  is  the  City's  strong  feeling  that  the  current  status  of  the  Point 
of  Pines  Flood  Protection  Plan  should  not  be  jeopardized  in  the  face  of 
the  City's  present  financial  position.  Because  of  the  close  association 
and  link  with  the  back  shore  plan  for  the  Saugus  River  and 
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Tributaries. .  .Since  the  tided  flood  gate  plan  would  invariably  inpact 
existing  flood  protection  measures  along  the  Point  of  Pines  shoreline,  it 
would  appear  feasible  to  expand  the  scope  of  this  plan  to  include  the 
Point  of  Pines  area.  I  would  appreciate  a  meeting  with  Corps 
representatives  and  City  staff  to  discuss  this  proposal  in  greater  detail 
with  the  view  that  a  more  ccnprehensive  plan  can  be  attained  effecting  the 
Point  of  Pines,  Saugus  River  and  Tributaries."  George  V.  Colella,  Mayor. 
(Jan  7,  1988) 

"...I  am  writing  in  support  of  the  U.s.  Army  Corps  of  Engineering 
continued  efforts  in  developing  a  flood  damage  reduction  study  for  the 
Saugus  River  and  its  tributaries.  This  vital  project  is  necessary  to 
rectify  flooding  in  the  Revere  Beach  Backshore  areas."  George  V. 

Colella,  Mayor.  (Mar  23,  1987)  (Also  see  Mar  25,  1986  letter) 

"...Today  marks  the  4th  anniversary  of  the  "Great  Blizzard  of  1978",  and 
as  the  seas  appear  calm  on  this  day,  the  memory  remains  strong  in  the 
minds  of  many  who  saw  the  full  force  of  the  Atlantic  Ocean  engulf  their 
property  four  years  ago.  Although  this  was  an  event  that  will  never  be 
forgotten  by  those  who  endured  it,  the  effort  of  the  Amy  Corps  of 
Engineers,  remains,  for  the  residents  of  the  City  of  Revere,  the  only 
glimmer  of  hope  for  protection  against  a  re-occurring  event." 

"...I  cannot  stress  strongly  enough  our  support  of  these  study  efforts  and 
our  desire  to  see  them  proceed  without  delay. .  .The  shorefront  property 
owner  who  has  suffered  through  three  major  flooding  episodes  in  the  past 
ten  years,  cares  little  for  studies  but  seeks  to  witness  real  protective 
measures;  he  looks  back  over  the  past  12  years  of  reports  and  wonders  when 
construction  will  take  place  that  will  secure  his  life  and  his  property. 

He  knows  that  only  the  federal  government  has  the  resources  necessary,  but 
he  wants  to  knew  when  it  will  happen.  For  these  reasons,  I  reiterate  out 
total  endorsement  of  the  Corps'  reccmmendaticns  and  urge  that  everything 
possible  be  done  so  that  these  efforts  can  proceed  immediately."  George. 
V.  Colella,  Mayor.  (Feb  8,  1982) 

". .  .The  City  of  Revere  requests  that  the  Amy  Corps  of  Engineers  undertake 
a  study  to  investigate  flooding  conditions  and  to  determine  the  economic 
feasibility  of  obstructing  a  flood  control  project  in  the  Revere  Beach 
section  of  the  City.  Should  the  corps  concur  with  our  request,  the  City 
would  provide  assistance  in  carrying  out  the  project."  George  V. 

Colella,  Mayor.  (Oct  23,  1978) 

REVERE  OCNSHRVA1TCN  CXMOSSICN 

"...I  totally  support  a  Flood  Protection  Plan  such  as  the  Floodgate 
alignment  #2,  that  would  provide  a  high  protection  of  the  Point  of  Pines 
and  will  net  effect  the  Saltmarshes  that  provide  feeding,  spawning,  and 
nursery  habitats  for  f infish  and  shellfish."  John  R.  Marino,  Member. 

(Jul  12,  1988) 


". .  .Although  this  was  only  a  preliminary  conference  and  more  details  would 
be  needed,  the  consensus  of  opinion  of  our  board  is  that  the  levee 
proposal  was  the  most  feasible  and  least  damaging  to  the  marsh,  while 
still  providing  needed  protection  for  the  residence  of  the  area.  The 
least  liked  suggestion  by  our  board  was  the  tide  gate  located  parallel  to 
the  General  Edwards  Bridge.  Me  feel  this  may  cause  damage  to  Revere 
residence  in  the  Point  of  Pines  area.  Of  course  we  realize  that  such 
planning  and  information  would  be  necessary  for  us  to  reach  a  final 
decision,  and  we  are  keeping  an  open  mind  to  all  the  proposals  plus  any 
new  ideas  you  may  have."  Joseph  A.  LaValle,  Chairman.  (Jul  2,  1986) 

PINES  RIVERSIDE  ASSOCIATION 

"...Me  would  ask  that  the  Corps  please  look  upon  the  A.C.E.C.  designation 
favorably  and  do  all  in  your  power  to  make  your  projects  work  within  the 
designated  area  if  it  should  become  so.  We  feel  that  both  the  Corps 
projects  and  the  designation  are  equally  important  and  we  want  them  both, 
we  do  not  want  to  be  forced  to  choose  between  them." 

Elaine  Hurley,  President.  (Jun  26,  1988) 

"...I've  found  the  Regional  Protection  Plan  (option  3)  to  be  far  superior 
over  the  Local  Protection  Plan  (option  1) .  The  Regional  Plan  offers  the 
least  harm  to  the  wetlands  and  allows  the  natural  beauty  of  the  shore  to 
be  free  from  walls  and  dikes. .  .1  strongly  feel  the  Regional  Plan  is  the 
solution  and  that  all  energy  should  be  expelled  in  this  direction." 

Elaine  Hurley,  Vice  President.  (Mar  5,  1987) 

". .  .Oar  Association  vrould  like  to  suggest  that  your  department  include  in 
the  final  project  design  a  flood  erosion  prevention  section  for  Mills 
Avenue  of  Revere.  This  particular  area  suffers  from  seasonal  flooding  and 
constant  erosion  problem.  Our  organization  would  be  in  favor  of  a 
revetment  and  wall  that  would  still  give  area  residents  access  to  the 
beach  area."  Mary  C.  Duffy,  Corresponding  Secretary.  (Apr  11,  1981) 

REVERE  BEACH  CITIZEN  AEWISCRY  OCMMTITEE 

The  Revere  Beach  Citizens  Advisory  Committee  is  of  the  opinion  that 
Option  3  would  be  the  most  encompassing  of  the  projects  presented  at  the 
M.E.P.A.  scoping  meeting.  The  ccncems  are  the  tidal  effects  when  the 
flood  gates  are  closed,  on  the  seaward  neighbors.  We  realize  the 
cumulative  effects  upon  the  flora  and  fauna  will  only  be  known  through 
further  studies.  The  Occmittee  would  hope  that  stringent  regulations 
would  not  allow  ruinous  development  to  take  place  after  the  flooding  is 
controlled.  The  Marsh  area  is  the  basis  for  many  life  forms,  once  lost  it 
can  never  be  replaced.  Ellen  Haas,  Chairman.  (Apr  13,  1987) 
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OAK  ISLAND  RESIDENTS  ASSOCIATION 

H ...  It  is  our  opinion  that  Option  3,  the  Regional  Saugus  River  Floodgate 
Plan,  is  the  most  acceptable  of  the  options  presented.  However,  two  areas 
not  addressed  in  the  plan  are  of  concern  to  us. 

First  actual  control  of  the  floodgate  could  have  a  serious  inpact  on 
the  success  of  the  plan.  We  believe  that  inappropriate  timing  in  opening 
or  closing  of  the  floodgate  could  cause  adverse  repercussions  in  our 
area.  The  resulting  flooding  could  be  much  more  severe  than  that  which 
would  be  incurred  without  the  floodgate.  Therefore,  it  is  imperative  that 
the  matter  of  control  be  clearly  addressed  in  the  plan.  Our  second 
concern  relates  to  the  impact  of  the  plan  on  the  salt  marsh.  Too  many 
individuals  and  organizations  perceive  the  value  of  wetlands  ceases  with 
flood  control.  We  believe  wetlands  are  important  for  their  value  as  a 
breeding  ground  and  sanctuary  for  fish  and  other  wildlife  and  should  be 
preserved  for  that  reason.  The  installation  of  the  floodgate  could,  in 
our  opinion,  increase  pressure  to  fill  and  develop  wetland  areas,  unless 
seme  assurance  could  be  given  that  this  area  would  be  safegarded  from  the 
danger  of  development  pressure,  the  plan  would  not  be  acceptable. "  Oak 

Island  Residents  Association.  (May  27,  1987) 

POINT  OF  PINES  YACHT  CUB,  INC. 

”. .  .As  we  also  discussed,  we  currently  contend  with  approximately  a  5  -  6 
knot  current.  The  Yacht  Club  requests  if  this  condition  could  be  improved 
(diminish  current  2-3  knots)  without  ccnprcmising  the  flashing  of  the 
river  it  would  be  greatly  appreciated.  Any  increase  of  current  would  not 
be  acceptable.  The  Point  of  Pines  Yacht  Club  supports  this  project  and  we 
feel  confident  that  all  our  concerns  will  be  addressed.”  Vincent  A. 
Piocinni,  Commodore.  (Jun  28,  1988) 

POINT  OF  PINES 

” . .  .We  are  opposed  to  the  construction  of  a  floodgate  on  the  Point  of 
Pines  Beach,  Revere,  MA,  or  contiguous  to  it.  The  Point  of  Pines  Beach  on 
the  Saugus  River  has  two  qualities  which  are  rare,  if  not  unique,  in  this 
area.  It  consists  of  fine  granular,  soft  sand.  Because  of  past  channel 
dredging  the  river  at  this  area  provides  the  only  swimming  at  low  tide. 
Since  the  beach  is  small  the  loss  of  the  amount  necessary  to  accommodate  a 
floodgate  would  be  unacceptable.  The  loss  of  arty  part  of  this  beach  would 
seriously  diminish  the  quality  of  life  here.  In  addition  the  floodgate 
itself  would  exacerbate  the  congestion  problems  of  the  Point  of  Pines.  We 
fear  it  would  become  an  attraction  to  fishing,  loitering  and  late  night 
partying  and  add  to  parking  problems.”  Bernard  Blume,  Sylvia  Blume.  (Jul 
7,  1988) 
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TCTO  OF  SAUGUS 


TOW  MANAGES 

"...I  would  like  to  offer  the  Town's  wholehearted  support  in  this 
project.  We  are  particularly  interested  in  the  phase  shown  in  the 
presentation  as  the  Regional  Saugus  River  Floodgate  Plans  which  offers  the 
most  protection  for  a  larger  number  of  businesses  and  homes. "  Norman  B. 
Hansen,  Temporary  Town  Manager.  (Mar  9,  1987) 

"...I  am  pleased  that  the  Coastal  Flood  Protection  Study,  which  I  formally 
requested,  will  be  resumed.  I  understand  that  flood  protection  may  still 
be  a  possibility  for  the  hundreds  of  hemes  and  businesses  in  Saugus 
flooded  in  the  Blizzard  of  1978. M  Paul  T.  Rabchenuk,  Town  Manager.  (Apr 
23,  1985) 

"...In  the  blizzard  of  1978,  several  hundred  hones  and  businesses 
experienced  tidal  flooding  in  the  Bristow  St.  and  Ballard  St.  areas  of 
Saugus.  I  would  appreciate  the  Corps  initiating  an  investigation  for 
solutions  to  our  flooding  problem. "  Norman  B.  Hansen,  Temporary  Town 
Manager.  (Sep  9,  1981) 

BOARD  OF  SELECTMEN 

". .  .Please  be  advised  that  the  Saugus  Board  of  Selectmen  has  voted  to 
request  that  the  Amy  Corps  of  Engineers  study  the  feasibility  of 
breaching  the  1-95  sandpile  in  conjunction  with  the  proposed  floodgate 
construction  and  are  particularly  interested  in  how  such  a  proposal  would 
enhance  the  viability  of  the  existing  marsh,  what  effect  such  a  proposal 
would  have  an  flood  control,  wildlife  and  mosquito  control."  Peter 
Manoogian,  Board  of  Selectmen.  (Jun  27,  1988) 

". .  .At  a  meeting  on  March  15,  1988  the  Board  of  Selectmen  voted  to  go  on 
record  as  in  favor  of  Option  3  of  the  Saugus  River  Flood  Gate  Plan  as 
presented  by  Mr.  Hunt  of  the  U.S.  Army  Corps  of  Engineers."  Joyce 
Villani,  Clerk,  Board  of  Selectmen.  (Mar  22,  1988) 

SAUGUS  CONSERVATION  OCffUSSICN 

"...Clearly  the  most  viable  option  is  number  3,  Regional  Saugus  River 
Flood  Gate  Plan.  Not  only  does  this  plan  disturb  less  wetland  area  and 
leave  the  banks  of  the  Saugus  River  undisturbed,  it  affords  protection  to 
a  far  greater  number  of  hemes  as  well  as  the  upper  reaches  of  the  Saugus 
River,  particularly  the  Shute  Brook  area.  I  have  presented  a  brief 
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sunnary  of  the  study  to  the  members  of  the  Saugus  Conservation 
Ocmnission.  There  are  sane  concerns  which  the  Cannissicn  feels  should  be 
addressed  in  ary  envircrraerrtal  study  done  for  the  project.  1.  What 
effect  will  entrapment  of  fresh  water  run-off  have  on  the  delicate  ecology 
of  the  saltmarsh  while  the  gates  are  closed  during  storm  surges  and  peak 
high  tides?  2.  Because  of  the  potential  for  increasing  development  in 
this  resource  area  by  a  lowering  of  the  flood  level  designation,  the 
Commission  would  strongly  urge  the  undeveloped  flood-plain  be  protected, 
possibly  through  land-taking  by  eminent  domain.  3.  Exploration  of  the 
possibility  of  utilizing  the  water  power  produced  during  uses  of  the 
floodgates'4  Anne  Cyros,  Ocrmissioner  and  Frank  McKinnon,  Chairman.  (Mar 
30,  1987) 

SAUGUS  ACTICN  VOLUNTEERS  FOR  THE  ENVIRONMENT 

"...The  Saugus  Action  Volunteers  for  the  Environment  (SAVE)  give 
conditioned,  endorsement  to  the  Floodgate  Control  option  described  in  the 
study.  It  is  our  feeling  that  this  floodgate  proposal  would  be  the  least 
environmentally  destructive  and  the  most  aesthetically  pleasing  of  the 
various  options  studied  by  the  Corps.  It  would  also  improve  the  quality 
of  life  for  a  large  number  of  home  owners  in  Saugus  who  now  constantly 
live  in  the  fear  of  major  flooding  whenever  a  large  storm  hits  our  area. 

The  major  concern  we  have  is  the  possible  effect  this  plan  might  have 
on  the  adverse  development  of  the  valuable  marsh  area  behind  the  proposed 
flood  control  structure  in  Saugus  and  Revere,  and  in  the  Saugus  River 
Basin.  Since  this  is  the  largest  relatively  unspoiled  marsh  area  left, 
north  of  Boston,  and  since  it  is  so  important,  ecologically,  for  both 
fisheries  and  migratory  water  fowl,  we  hope  that  ultimately  a  joint 
Federal-State-local  consensus  will  be  reached  to  preserve  these  valuable 
wetlands  from  the  threat  of  development.  It  is  cur  hope  that  the  Saugus 
Action  Volunteers  for  the  Environment  can  give  full  endorsement  to  the 
proposal  of  the  Corps  of  Engineers  when  the  specifics  of  your  plans  are 
completed.  Ellen  Bums,  President.  (Apr  6,  1987) 

SAUGUS  RESIDENTS 

". .  .We,  the  residents  of  the  lower  Shute  Brook  area,  would  like  to  support 
the  floodgate  control  option  for  the  Saugus  River  over  the  levee 
alternative  for  lower  East  Saugus.  Large  amounts  of  rain  coinciding  with 
high  tides  cause  the  brook  to  backup  to  the  west  of  Central  St.  According 
to  one  of  your  staff  engineers,  the  use  of  flood  gates  on  the  Saugus  River 
during  high  tides  in  a  high  rainfall  period  e.g.  (hurricane)  would 
alleviate  the  tidal  influence  on  Shute  brook  and  therefore  greatly  reduce 
the  potential  severe  flooding  for  our  area.  Therefore,  please  consider 
the  residents  along  Shute  brook  when  you  make  the  final  decision." 

Richard  Mytkowicz.  (Oct  27,  1986) 
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INTEREST  GROUPS 


MASSACHUSETTS  AUDUBON  SOCIETY  -  RESOURCES  FOR  THE  NCR3H  SHORE 

". .  .The  Massachusetts  Audubon  Society  is  mo6t  oancemed  that  the  proposed 
damage  reduction  program  for  the  Saugus  River  and  its  tributaries  has  the 
potential  for  severely  impacting  the  Saugus  and  Pines  River  Estuary.  Any 
flood  control  program  which  results  from  this  study  must  make  every  effort 
to  ensure  that  the  integrity  and  productivity  of  the  estuary  not  to  be 
ocopraiiised.  While  we  recognize  the  occurrence  and  seriousness  of  tidal 
flooding  in  target  crranunities,  it  is  critical,  too,  that  the 
inappropriateness  of  the  existing  and  proposed  development  within  the 
floodplain  be  recognized. .  .All  parties  involved  in,  or  concerned  with  this 
project  have  highlighted  the  importance  of  the  Saugus  and  Pines  River 
Estuary.  It  is  on  the  EPA  priority  wetlands  list.  The  Conservation 
Commissions  of  many  abutting  municipalities  are  actively  interested  in 
increasing  the  protection  afforded  the  marshes.  The  Massachusetts  Audubon 
Society  urges  that  the  protection  and  enhancement  of  the  estuary  be 
considered  in  all  phases  of  this  project."  Richard  K.  Quateman, 

Director.  (Apr  10,  1987) 

MASSACHUSETTS  ASSOCIATION  OF  CONSERVATION  CCMGSSICNS 

.  .MAOC  represents  the  350  conservation  commissions  of  the  state  which 
are  empowered  to  take  action  under  the  state  Wetlands  Protection  Act,  a 
law  designed  to  protect  all  the  interests  connected  with  wetlands, 
floodplains ,  banks,  land  under  waters  and  associated  fisheries  and 
wildlife.  Under  this  law,  the  policy  is  to  prefer  solutions  which  have 
the  least  impact  cn  the  resource.  Specifically,  a  waiver  is  required  from 
the  commissioner  of  DBQE  for  any  action  altering  more  than  5000  square 
feet  of  wetland.  Such  a  waiver  is  not  available  if  dealing  with  raising 
or  moving  the  dwellings  along  the  river,  is  available,  we  do  not  believe 
that  such  variance  can  legally  be  granted.  Your  Options  #1  and  3  would 
have  disastrous  effects  on  the  river  and  estuary,  from  what  we  have 
heard.  Such  solutions  simply  encourage  more  development.  This  is  not  the 
modem  approach,  and  we  are  opposed  to  it."  Alexandra  D.  Dawson, 
Presiden.  (Feb  3,  1988) 

" . .  .At  the  outset  I  should  like  to  state  that  an  alternative  which  would 
destroy  more  than  thirty  acres  of  vegetated  wetlands  and  an  equal  or 
larger  area  of  tidal  flats  is  unacceptable  and  should  be  dropped  from 
consideration  so  that  time  and  money  are  not  spent  on  further  study. .  .The 
United  States  Environmental  Protection  Agency  has  already  indicated  its 
concern  for  this  estuarine  area  by  placing  the  Saugus  River  wetlands  on 
its  priority  list  of  wetlands.  The  Commonwealth  of  Massachusetts  should 
also  take  protective  action  by  placing  this  area  under  the  wetlands 


Restriction  Program  and  designating  it  an  Area  of  Critical  ESivironmental 
Concern.  As  an  alternative  to  no  action,  recognizing  the  concern  of 
citizens  for  protection  from  flooding,  a  more  serious  consideration  should 
be  given  to  Option  2,  floodproofing  of  structures,  as  well  as  a  program  to 
eliminate  substandard  structures,  discourage,  really  discourage,  further 
building  in  the  flood  hazard  area."  Judith  C.  Skinner,  Member,  MACC 
Board  of  Directors.  (Apr  12,  1987) 

.  .This  massive  project  will  severely  degrade  wetlands  and  coastal 
resources,  whether  Option  3  or  Option  1  is  chosen.  It  is  not  state  policy 
to  destroy  these  resources  in  order  to  encourage  further  development  of 
areas  that  should  never  have  been  developed.  The  EUR  must  include 
analysis  of  federal  EOs  that  limit  federal  projects  affecting  wetlands  and 
floodplains .  SEND  US  A  CRAFT  EER,  Alexandra  Dawson,  President.  (Mar  30, 
1987) 

SWIM  -  NAHANT  CITIZENS  OCMGTTEE  FOR  SAFER  WATERS  IN  MASSACHUSETTS 

" . . .  I  would  like  to  reemphasize  the  potential  the  project  may  have  for 
making  additional  development  possible.  The  major  reason  that  the  marsh 
area  is  not  totally  developed  at  the  present  time  is  that  they  flood 
periodically.  Once  flooding  is  prevented,  a  tremendous  amount  of  money 
and  energy  will  go  into  ways  to  circumvent  the  weak  and  often  unenforced 
laws  that  protect  the  wetlands.  However,  all  this  said,  I  was  really 
delighted  to  hear  about  your  plans  for  making  protection  of  "a  major 
portion  of  the  estuary"  an  important  portion  of  the  Saugus  River  Floodgate 
Project.  I  will  be  watching  in  the  Saugus  floodgate  plans  for  information 
about  hew  the  decisions  will  be  made  on  how  often  to  close  the  Saugus 
floodgate  and  for  proof  that  there  will  be  no  interference  with  the  free 
flew  of  water  into  and  out  of  the  estuary. 

"You  will  only  get  support  of  the  environmental  community  for  this 
project  if  there  are  guarantees  that  the  estuary  will  be  protected. . . 
protected  from  development  and  protected  from  ecological  damage.  In  the 
early  hearings,  it  was  pointed  out  that  the  Corps  couldn't  save  the 
marshes  by  itself,  and  one  of  my  major  purposes  in  writing  the  article  for 
the  Massachusetts  Association  of  Conservation  Commissions  was  to  alert  the 
environmental  community  not  only  to  the  problems  but  also  to  the  need  for 
cooperative  effort  in  giving  the  marshes  strong  protection  if  the 
floodgate  is  indeed  built. 

"I  will  continue  to  help  increase  public  awareness  of  the  Saugus  River 
Floodgate  Project.  Although  our  viewpoints  may  not  always  coincide,  I  am 
sure  the  more  the  public  knows  about  the  project  the  better  it  will  be  in 
the  long  run.  I'm  looking  forward  to  serving  on  the  Technical  Advisory 
Group.  Polly  Bradley,  President,  Naharrt  SWIM.  (Nov  30,  1987) 
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"...SWIM, ...is  very  such  concerned  about  the  protection  of  the 
Saugus-Revere  marshes,  which  are  the  nursery  for  many  marine  species 
important  to  the  commercial  and  recreational  fishing  vital  to  the  Town  of 
Nahant.  The  proposed  Flood  Damage  Reduction  project  for  the  Saugus  River 
and  tributaries  could  lead,  directly  or  indirectly,  to  damage  to  the 
marshes,  and  we  urge  that  you  consider  these  potential  damages  in  the 
scope  of  the  National  Environmental  Policy  Act  study.  As  an  integral  part 
of  the  study,  protection  of  the  marshes  must  be  considered.  There  are 
developers  ready  to  build  inmediately,  once  the  marshes  are  no  longer 
subject  to  flooding,  and  therefore  strong  -  powerful  and  effective  - 
protection  of  the  marshes  must  be  built  into  the  project  itself.”  Polly 
Bradley,  President.  (Jun  11,  1987) 

". .  .The  Saugus-Revere  marshes  serve  as  a  nursery  and  source  of  nutrients 
for  the  valuable  fish  and  shellfish  industry  in  Nahant.  After  the  sewage 
of  the  North  Shore  and  Boston  is  adequately  treated,  SHIM  expects  that  the 
shellfish  will  again  be  edible  and  the  fish  will  no  longer  live  lesions 
and  fin  rot,  provided  additional  pollution  can  be  avoided.  What  will  the 
effects  be  of  the  Flood  Damage  Reduction  Project  upon  the  ecology  of  the 
salt  marshes,  Lynn  Harbor,  and  Broad  Sound?. .  .This  proposal  would 
encourage  building  on  a  barrier  beach,  on  tide-lands  and  in  the  flood 
plain,  ftoat  will  be  the  effects  of  this  additional  construction  upon  the 
ecology  of  these  areas  and  upon  the  sewage  treatment  plants  now  being 
planned  for  Boston  and  the  North  Shore?. .  .that  the  scope  of  study  include 
long  term  effects  on  vegetation,  other  biological  systems,  flood  hazard 
areas,  geologically  unstable  areas,  solid  waste,  and  cxmnunity/housing  and 
the  built  environment. "  Polly  Bradley,  Secretary.  (Apr  15,  1987) 

". .  .1  am  very  much  concerned  about  the  effect  of  this  project  upon  the 
Saugus  and  Revere  marshes.  As  you  know,  marshes  are  nurseries  for  fish 
and  shellfish,  and  the  economic  value  of  salt  marshes  is  higher  than  the 
richest  of  farmland.  Damage  to  the  Saugus-Pevere  marshes  will  also  cause 
damage  to  the  ecology  of  Lynn  Harbor  and  Broad  Sound,  which  are  valuable 
lotetering  and  fishing  grounds.  The  clam  flats  of  Revere,  Lynn,  and 
Nahant  will  once  again  provide  excellent  shellfishing  after  the  Lynn- 
Naharrt -Saugus  sewage  treatment  plant  is  built,  provided  the  clams  are 
protected  from  pollution  by  other  projects.  I  am  concerned  about  the 
potential  effects  upon  the  1400  acres  of  salt  water  estuaries  behind  the 
gates  and  the  many  acres  of  fishing,  lobstering,  and  shellfishing  grounds 
which  are  richer  because  of  the  nutrients  and  the  nursery  area  of  the  salt 
water  estuaries. 

"The  design  of  the  flood  gate  seems  to  indicate  that  the  gate  may  hold 
back  the  waters  and  slow  them  down  even  when  the  flood  gates  are  not 
closed. ..Our  concern  about  Revere,  about  Lynn,  about  Nahant,  about  the 
entire  coastal  zone,  grows  from  a  deep  love  of  the  ocean  and  of  the  North 
Shore. . . 
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Carl  and  I  have  watched  with  our  own  eyes  the  destruction  and  damage  of 
decades  of  environmentally  unsound  practices,  but  we  have  not  given 
up. .  .Hie  Ocnmonwealth  SD  protect  the  environment.  We  intend  once  again 
to  eat  clams  and  flounder  from  the  lower  North  Shore. .  .we  hope  before  our 
50th  anniversary  celebration.  Help  us  make  it  possible!  In  suninary,  I 
truly  believe  at  best  this  project  would  be  a  waste  of  money  and  at  worst 
could  do  severe  environmental  damage.  Please  do  not  hesitate  to  turn  down 
the  project  entirely  if  the  project  cannot  be  done  without  ecological 
damage. N  Norma  Brooks,  SWIM  member.  (Apr  14,  1987) 

(XNSERVATICN  LAW  FOUNDATION  OF  NEW  ENGLAND,  INC. 

". .  .Among  the  most  important  impacts  that  must  be  addressed  are  wetlands 
destruction,  wildlife  and  shellfish  resources,  aesthetic  inpacts,  access, 
and  the  encouragement  of  further  growth  in  the  study  area.  Experience  in 
other  coastal  centrum  ties  with  flood  control  projects  should  be  discussed 
with  respect  to  encouragement  of  further  growth. 

"The  indirect  wetland  inpacts  of  Option  3  should  be  examined  in 
detail.  Hie  "initial  finding1'  that  water  level  and  water  quality  changes 
resulting  from  flood  gate  closure  will  have  "negligible  inpact"  should  be 
closely  scrutinized.  The  ENF  pays  scant  attention  to  ncnstructural 
alternatives  to  Options  1  and  3.  Such  alternatives  must  recieve  such 
greater  consideration  in  the  draft  EIR.  Hie  draft  EIR  should  spell  out 
the  possible  elements  of  a  successful  nonstructural  control  plan,  and  not 
simply  discount  the  concept  as  impractical."  Paul  Hauge,  Staff  Scientist 
and  Sally  Newbury,  legal  Services  Attorney.  (Apr  15,  1987) 
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REVERE  BEACH  BACKSH3RE  -  SHOREFRCNT 


A.  Shorefrcnt  Inventory 

In  1986  Vollmer  Associates  aoocnplished  an  inventory  of  a  major 
portion  of  the  study  area  shoreline  including  all  of  the  Lynn  Harbor 
Shorefrcnt,  along  the  Saugus  River  in  Saugus  and  in  Revere  the  reach  from 
the  Gen.  Edwards  Bridge  to  Fowler's  Marina.  The  remaining  shoreline  was 
accomplished  by  the  Oorps.  The  criteria  established  far  evaluating  the 
shoreline's  replacement  costs,  useful  life  after  replacement  and  O&M  cost 
is  sumnarized  as  follows: 


Type 

Structure 


Replacement 

Cost 

($  per  foot) 


Useful  Life 

Agfesc-Rsalagefl 

(Years) 


O&M 

(%  of  Replac. 
per  year) 


Rip  Rsp  $  70  to  $  260  50  yr. 

Vfalls  $370  to  $1700  30  yr. 


1% 

1% 


The  cost  of  these  structures  varies  depending  on  size  and  location. 

The  replacement  schedule  and  costs  were  developed  by  location,  total 
length  of  structures  and  by  their  severity  of  deterioration.  Schedules 
were  developed  with  and  without  the  IfP  Projects  and  Regional  Plan. 

The  year  of  replacement  varied  depending  on  the  existing  condition  and 
type  of  structure.  Severely  deteriorated  walls  with  over  25%  of  their 
length  showing  failure  were  assumed  to  be  replaced  in  10  years,  about 
1996,  while  severely  deteriorated  rip  rap  or  dunes  would  be  replaced  10 
years  after  1996.  The  year  1996  was  assumed  to  be  near  the  completion 
year  of  a  Federal  project  which  would  affect  a  revised  replacement 
schedule,  until  1996  there  would  be  no  difference  in  replacement 
schedules  with  or  without  a  Federal  project. 

Structures  shewing  moderate  deterioration  with  failure  of  10-25 
percent  of  their  length  were  assumed  to  be  replaced  20  years  after  1996 
far  rip  rap  and  10  years  after  for  vails. 

Lightly  deteriorated  structures  with  less  than  10%  of  their  length 
failing  would  be  replaced  30  years  after  1996  for  rip  rap  and  20  years 
after  for  walls. 

The  Maintenance  cost  was  assumed  to  increase  each  year  at  a  rate  of 
0.1  percent  due  to  accelerated  deterioration  from  three  coastal  storms  per 
year  causing  wave  damage,  salt  water  corrosion,  undermining  of  foundations 
and  erosion  behind  or  through  the  structure.  Also  overtopping  of 
structures  would  cause  damage  directly  or  failure  frem  a  surcharge  loading 
of  water  or  saltwater  soil.  Sea  level  rise  at  a  rate  of  0.1  foot  per  10 
years  would  require  an  increase  in  the  size  and  height  of  structures, 
increasing  the  replacement  cost  by  1  percent  for  every  10  years  between 
replacements.  That  is  after  30  years  a  vail  would  cost  3  percent  more  to 
construct  at  the  1986  price  level  with  a  0.3  foot  rise  in  sea  level. 


1-21 


It  was  assumed  any  existing  vertical  bulkhead  would  be  replaced  by  a 
steel  sheet  pile  wall  since  this  appears  to  be  the  cannon  practioe. 
Although  low  cost  rip  rap  and  severely  eroded  embankments  were  assumed  to 
be  replaced  in  the  future  by  built  embankments  with  rip  rap  this  may 
not  by  the  case.  The  environmental  loss  associated  with  this  type  of  wide 
structure  may  be  strongly  discouraged  in  the  future.  At  least  one 
developer  has  recently  run  into  permitting  problems  with  this  replacement. 
Thus  higher  costs  may  result  in  the  future  in  this  A.C.E.C.  area  requiring 
rip  rap  slopes  replaced  with  less  environmentally  damaging  walls.  Piers 
are  assumed  to  have  a  useful  life  of  40  years  and  decks  20  years  based  on 
information  obtained  by  Vollmer  Associates.  The  total  replacement  cost 
was  estimated  at  $170  per  SF  with  decks  at  $10  per  SF  and  O&M  costs  were 
increased  at  a  rate  of  one  percent  per  10  years  as  explained  for 
shorefront  structures. 

The  replacement  year  for  piers  was  assumed  that  25  percent  of  piers 
would  be  replaced  each  ten  years.  Over  a  22  year  period  the  length  of 
piers  increased  by  3445  ft.  about  57  percent  based  on  a  conparison  of  1974 
and  1986  aerial  photographs.  It  was  therefore  assumed  piers  would 
continue  to  increase  at  a  rate  of  157  feet  per  year  due  to  the  strong 
demand  far  recreation  boating  in  the  area.  The  designation  of  the  area  on 
August  23,  1988  as  an  Area  of  Critical  Environmental  Concern  (A.C.E.C)  may 
actually  slow  down  the  growth  of  piers  and  recreation  boating  development 
just  as  it  may  increase  the  use  of  walls.  The  estimates  have  not  been 
revised  to  reflect  this  change.  It  is  believed  a  more  conservative 
estimate  of  costs  is  reflected  in  this  approach.  If  replacement  of 
shoreline  structures  were  adjusted  due  to  ACEC  designation  a  slower  growth 
in  piers  with  an  increase  use  of  walls  would  result  in  a  net  increase  in 
costs. 


WITH  THE  PROJECT  (REGIONAL  PLAN) 

A  number  of  basic  assumptions  were  made  with  the  Regional  Plan. 

.  VAere  shorefront  structures  along  Lynn  Harbor  and  Point  of  Pines  are 
replaced  by  new  structures  as  part  of  the  Regional  Plan,  future  without  a 
project  replacement  costs  would  be  a  benefit  to  the  Regional  Plan.  This 
is  because  their  future  cost  and  maintenance  were  eliminated  by  the 
Regional  Plan  and  are  now  included  in  the  Regional  Plan's  costs  estimates. 

.  For  all  other  shorefront  structures,  around  the  estuary  the  Regional 
Plan  would  hold  tide  levels  at  lower  levels,  no  longer  requiring  the 
structures  to  be  as  high  and  wide.  It  was  assumed  replacement  and 
therefore  maintenance  costs  to  be  reduced  by  10  percent.  For  exanple  a  5 
to  10  foot  high  wall  or  dike  could  be  rebuilt  1  to  2  feet  lower.  That  is, 
storm  tides  generally  reaching  EL.  9  (every  10  years)  would  be  held  to 
about  EL. 7  during  coastal  storms. 

.  By  eliminating  storm  tides  from  overtopping  and  damaging  shorefront 
structures,  there  estimated  replacement  interval  would  be  increased  by  ten 
years.  This  was  felt  to  be  a  minimum  increase  since  historical 
information  along  Revere  Beach  over  100  years  showed  that  walls  subject  to 
storm  overtopping,  undermining  and  daily  wave  action  caused  shorter  lives 
of  walls  by  as  much  as  40  years. 
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.  The  initial  replacement  of  vails  or  rip  rap  was  assumed  delayed  ten 
years  after  the  Regional  Plan  is  built  since  owners  would  no  longer 
experience  the  problem  of  storm  overtopping  structures,  the  deterioration 
rates  would  slow  down,  and  they  would  delay  the  decision  to  replace  and 
repair  their  storefront. 

The  local  Protection  Projects  deleted  replacement  costs  (a  project 
benefit)  along  their  alignments  since  their  IPP  cost  estimates  included 
new  structures  with  maintenance  costs.  The  replacement  costs  and  benefits 
with  and  without  the  projects  (LFP's  Regional  Plan)  are  shown  on  Table  27. 

The  replacement  costs  are  .summaries  of  the  more  detailed  analysis. 

Lynn  includes: 

1.  Lynn  Harbor  features  replaced  or  repaired  by  shorefront  plans. 

2.  Along  the  Saugus  River  where  IPP  alignments  (J-P)  were  evaluated, 
under  the  Regional  Plan,  the  cost  of  replacement 

and  maintenance  is  reduced  (10%)  and  replacement  life  extended  10 
years. 

3.  Other  areas  in  Lynn  along  the  Saugus  River  with  and  without  the 
Regional  Plan.  (Under  the  Regional  Plan,  samp  as  Item  #2.) 

Revere  includes: 


1.  Structures  replaced  at  Point  of  Pines  with  the  Regional  Plan. 

2.  Structures  along  the  Pines  River  -  Riverside  to  Revere  St.  (IPP 
alignment  G-J)  with  and  without  the  Regional  Plan. 

3.  Structures  along  the  Town  Line  Brook  IPP  alignment. 

4.  Other  shorefronts  in  Revere  including  the  Pines  and  Saugus  River 
and  Marsh,  Northgate,  Route  107  and  B&M  railroad. 

Saugus  includes: 

1.  Along  the  Saugus  and  Pines  Rivers  where  IPP  alignments  were 
evaluated. 

2.  Other  shorefront  in  Saugus  including  along  the  Pines  and  Saugus 
Rivers,  Route  107  and  railroads. 

Piers  include  existing  and  potential  piers  along  the  Saugus  and  Pines 
Rivers  in  Revere,  Lynn  and  Saugus. 

Sensitivity  Analysis  for  Shorefront  Benefits 

The  most  sensitive  assumptions  made  in  the  analysis  are  the  unit  costs 
for  replacement  and  the  extended  life  of  the  structures,  i.e.  10  years 
with  the  Regional  Plan. 

A  unit  costs  for  replacement  of  these  structures  are  assumed 
conservative.  The  costs  are  a  low  estimate  and  do  not  include  many 
ancillary  costs,  for  example:  replacement  of  material  behind  the  walls  or 
dikes,  removing  existing  structures,  relocation  of  utilities,  design 
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costs,  permit  costs,  shut  down  or  delays  of  roads  or  businesses  during 
construction,  mitigation  of  impact  cost  and  alterations  in  drainage 
systems. 

The  range  in  potential  costs  which  could  have  been  used,  as  found  in 
the  study  are: 

(1)  for  rip  rap  or  stone-faced  dikes  embankment,  the  cost  could  range 
from  a  lew  of  $500  per  foot  as  estimated  along  the  Pines  River  to 
a  high  of  $1300  per  foot  in  Lynn  Harbor  (as  opposed  to  $70  to 
$260  used) ;  and 

(2)  for  walls,  the  costs  could  range  from  $1000  per  foot  for  a  five 
foot  wall  on  land  to  $2000  per  foot  at  the  edge  of  the  Saugus 
River,  or  $2500  per  foot  in  lyrm  Harbor  (as  opposed  to  $370  to 
$1700  used) . 

The  costs  per  foot  and  increase  in  structural  life  used  in  the 
analysis  are  believed  to  be  conservatively  low;  the  conservative  approach 
was  used  so  as  not  to  overstate  the  benefits. 


TABLE  27 


Location  of 

Structures 

Affected 


SHCREFRCNT  BENEFITS 
('86  Price  Level) 


Length  Estimated  Existing 
of  Cost  of  Annual  Cost 

Shoreline  Replace-  of  Replace- 


Reduction  in 


Regional  LPP 
Plan  Plan 


(feet)  ($1000)  ($1000)  ($1000)  ($1000) 


Lynn  Harbor 

7,930 

$  5,500 

$  252 

$ 

252 

$  252 

Lynn  Saugus  River  (LPP) 

12,450 

3,161 

141 

86 

13 

Lynn  Sauous  River  (other}  6.950 

.1x9.12 

_§1 

_33 

0 

Lynn  SUBTOTAL 

27x330 ' 

$  10x523 

$  454 

$ 

324 

$  235 

(1988  P.L.) 

($  11,038) 

($  474) 

($ 

390) 

($  277) 

Revere-Boint  of  Pines 

3,950 

$  1,889 

$  99 

$ 

99 

N/A 

Revere-Pines  River  (LPP) 

12,550 

979 

36 

22 

36 

Revere-Town  Line  Bk  (LPP)  1,300 

338 

16 

9 

18 

Revere-Other  Areas 

21.12Q 

5x325 

305 

135 

_0 

Revere  Subtotal 

55.120' 

$  9,094 

$  453 

$ 

215 

$  54 

(1988  P.L.) 

— 

($  9,494) 

($  476) 

($ 

330) 

($  56) 

Saugus  (LPP) 

9,850 

1,434 

70 

43 

14 

Saugus-Other  Areas 

54x590 

11x105 

315 

191 

0 

Saugus  Subtotal 

$4x240* 

$  12.539 

$  235 

$ 

234 

$  14 

(1988  P.L.) 

“ 

($  13,091) 

($  402) 

($ 

245) 

($  15) 

Total  Structures 
(1988  P.L.) 

147, 190 / 

(28  miles) 

$  23x323 

$1x252 

$ 

965 

$  243 

Piers-alcng  Rivers 

9,500' 

$  21,376 

$1,171 

$ 

667 

$  0 

(1988  P.L.) 

- 

($  22x31?) 

($1x223) 

($ 

695 

_ 0 

Total  Storefront: 

(1988  P.L.) 

156,690 
(30  miles) 

$  55,940 
($  56  M) 

$2,575 

$  1,660 

$  346 
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Connecticut 


AVERY  POINT 
GROTON.  CONNECTICUT  063*0 

COLLEGE  OF 
LIBERAL  ARTS  ANO  SCIENCES 
Dtpartmant  of  Mann a  Sciancas 


June  15,1983 

Mr.  Robert  Hunt 

U.S.  Army  Corps  of  Engineers 

Bldg  112N 

424  Trapelo  Road 

Waltham.Massachusetts  02254 

Dear  Bob: 

As  requested  I  have  reviewed  the  enclosed  minutes  of  our 
April  4,1983  meeting/workshop  on  Revere  Beach.  The  minutes  appear 
accurate  and  I  have  simply  made  a  few  marginal  notes.  I  believe 
that  all  of  the  issues  outlined  are  covered  in  my  report  which 
was  forwarded  to  you  last  week.  Hopefully  by  now  you  have  had  a  chance 
to  review  it.  If  there  are  any  questions  don't  hesitate  to  call. 

One  item  that  appears  in  the  minutes  and  is  only  briefly 
mentioned  in  passing  in  the  report  is  the  matter  of  beach  maintenance. 
As  accurately  indicated  in  the  minutes  I  feel  that  for  renourishment 
to  represent  a  long-term  solution  to  flooding  and  the  like  at  Revere 
Beach  a  comittment  to  maintenance  must  be  made  by  the  MDC  and  the 
Corps.  I  recognize  the  difficulties  associated  with  implementation 
of  any  long-term  committment  such  as  maintenance  but  given  the  nature 
of  the  transport  field  affecting  the  beach  some  degree  of  grooming 
and  renourishment  must  be  annually  budgeted  to  insure  continuing 
protection  from  storm  associated  overtopping.  Such  an  item  should  be 
part  of  any  long-term  plan. 

Again,  if  there  are  any  questions  don't  hesitate  to  call. 


Sincerely, 

/w. Frank  Bohlen 
Associate  Professor 
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2  June  1983 
HUNT :kab: 546 


1.  On  4  April  1983,  a  meeting  was  held  at  NED  from  1000  to  1600  hours  to  discuss  Revere 
Beach  with  Dr.  Frank  Bohlen,  hired  by  the  Corps  for  consulting  services.  The  following 
attended  the  meeting: 

U.  Frank  Bohlen,  PhD.,  Oceanographer  Marine  Sciences  Institute, 

Avery  Point,  Croton,  Connecticut 

Henry  Higgott,  Project  Manager,  Revere  Beach  Reservation,  MDC 
.  Frank  Stringl,  Assistant  Director,  Dept,  of  Planning  &  Cosmtunity 
Development,  Revere 

Joseph  L.  Ignazlo,  Chief,  Planning  Division,  Corps  of  Engineers 
Robert  G.  Hunt,  Project  Manager,  Revere  Beach  Backshore  Study, 

Planning  Division,  Corps  of  Engineers 

Joseph  A.  Bocchino,  Project  Manager,  Roughans  Point,  Planning  Division, 

Corps  of  Engineers 

Thomas  C.  Bruha,  Chief,  Beach  Erosion  Unit,  Planning  Division,  Corps 
of  Engineers 

.  Cathy  0.  LeBlanc,  Beach  Erosion,  Planning  Division,  Corps  of  Engineers 
.  Jim  Blair,  Foundations  and  Materials,  Engineering  Division,  Corps 
of  Engineers 

Robert  LeBlanc,  Design  and  Estimates,  Engineering  Division,  Corps  of 
of  Engineers 

.  Tony  Riccio,  Coastal  Engineering,  Engineering  Division,  Corps  of 
Engineers 

.  Bill  Coleman,  Coastal  Engineering,  Engineering  Division,  Corps  of 
Engineers 

.  Kay  Francisco,  Coastal  Engineering,  Engineering  Division,  Corps  of 
Engineers 


2.  A  report  from  Dr.  Bohlen  is  forthcoming  discussing  the  issues  at  the  meeting  (attached 
are  handoucs  at  the  meeting) . 

3.  Critical  Issues  and  discussion  points  follow:  (comments  were  provided  by  BMB,  CDB 
and  DB-Coascal). 


a.  The  Crescent  Beach  seawall  in  Reach  A  (1955  ft.)  was  not  significantly  overtopped 
in  197B,  nor  does  the  runup  analysis  show  overtopping  for  any  event  baaed  on  existing 
profiles.  Based  on  the  history  of  this  reach  since  1)00  (i.e.,  building  up  with  sand 
over  the  years),  the  beach  is  not  expected  to  erode  over  the  next  50-100  years  to  allow 
overtopping. 


b.  The  Wonderland  seawall  ir.  Reach  B  (4105  ft.)  is  overtopped  with  frequent  tide  events 
and  the  beach  is  severely  eroded  due  to  wave  refraction,  beach  migration  and  possibly  a 
groundwacer  seepage  problem.  High  shorr  term  erosion  rates  (i.e.  24,000+  CY/vear)  have 
occurred  in  the  past.  If  the  beach  is  properly  restored,  maintenance  rates  should  not 
exceed  this  level  and  should  be  lower.  **at- 
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c.  The  seawall  in  Che  Oak  Island  Street  area.  Reach  C  (5240  ft.)  was  not  significantly 
overtopped  in  1978  nor  does  che  preliminary  runup  analysis  show  potential  overtopping  for 
any  future  tide  event,  based  on  existing  beach  profiles.  Based  on  past  history  of  beach 
accretion  and  existing  geometry,  the  beach  is  not  expected  to  erode  to  the  point  of 
allowing  overtopping  over  the  next  50-100  years,  even  though  the  location  may  be  more  dynamic 
than  Reach  A.  (A  review  of  the  runup  analysis  and  wave  refraction  will  be  accomplished 

in  the  final  planning  stage  to  substantiate  the  preliminary  findings). 

d.  The  seawall  along  che  North  Beach  Reach  D  (2380  ft.)  was  overtopped  along  1500  feet 
of  concrete  steps  in  1978  and  further  tide  events  are  expected  to  overtop  the  wall' due  to 
the  eroded  beach. 

e.  Based  on  current  findings,  no  additional  measures  are  needed  to  assure  flood  control 
along  Reach  A  and  C. 

f.  Potential  beach  options  include: 

(1)  Recreation  beaches  with  a  minimal  elevation  of  9  ft.  NGVD,  100  foot  wide 
berm  and  1:15  slope. 

(2)  Flood  control  beaches  should  be  built  with  the  top  of  berm  at  least  one  foot 
above  che  design  Stillwater  level  (SWL),  preferably  two  feet  above  the  SWL,  depending. 

on  economics.  The  berm  should  be  no  less  than  100  feet  wide  after  sloughing  off  from  the 
1:15  slope. 

(3)  Beach  slopes  will  probably  slough  off  naturally  to  say  a  1:50  construction 
profile.  The  beach  for  Reach  B  should  be  feathered  further  along  Reach  A  and  C  than 
estimated  to  retain  the  natural  contour  or  curvature  of  the  beach  so  to  maintain  the 
natural  angle  of  wave  to  beach.  This  should  reduce  maintenance.  Ideally,  building  up 
all  reaches  A  to  D  the  same  is  preferred  but  not  absolutely  necessary,  i.e.  B  may  be 
built  up  alone,  feathered  into  A  +  C. 

(4)  Erosion  rates  for  restored  beaches  should  be  based  on  modeling  and  wave 
refraction  analysis  and  not  on  historic  rates. 

g.  Options  considered  less  acceptable  than  beach  restoration  are:  raising  walls, 
rock  revetments,  and  breakwaters,  because  of  aesthetics  and  safety.  (The  cost 
effectiveness  and  Impacts  of  these  options  are  being  evaluated). 

h.  Restoration  of  Lynn  Beach  should  be  Investigated  since  bank-run  sand  from  1-95 

has  blended  well.  Contact  A1  Ferillo  at  MDC  for  sand  samples.  Color  should  not  be  a 
problem  with  bank  run  sand.  Public  Involvement  is  needed  to  determine  acceptable 
color.  1-95  sand  needs  to  be  tested  for  properties.  —  .S**'  **-*  <n***fc  ■**Je*® 

1.  Potential  freezing  of  beach  sand  in  1978  was  not  expected  to  be  a  factor  in 
limiting  erosion  in  Reaches  A  and  C.  Runup  would  have  thawed  che  thin  frozen  layer  out 
quickly  and  the  blocks  of  ice  which  washed  over  wall  in  B  normally  would  have  contri¬ 
buted  to  beach  erosion  from  the  pounding  of  the  blocks  on  che  beach. 
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j.  The  groundwater  seepage  problem  warrants  further  investigation  to  determine  impact 
on  beach  erosion  and  the  need  for  corrective  measures  before  a  beach  is  built  in  B. 

k.  Deposition  of  eroded  (restored)  beach  sand  in  navigation  channels  and  on 
Lynn  Harbor  shellfish  beds  and  duck  wintering  areas  is  highly  unlikely.  The  velocity 
of  flows  from  Saugus  River  through  channels  and  around  Point  of  Pines  prevents  buildup 
in  channels  and  migration  of  sand  across  the  river  to  Lynn  Harbor.  This  is  why  Point  of 
Pines  beach  is  building  up. 

l.  Dr.  Bohlen  reported  that  the  wave  refraction  analysis  and  data  on  wave  heights 
in  his  report  are  probably  the  best  available  and  more  than  adequate  for  engineering 
designs.  (This  information  needs  to  be  obtained  from  Dr.  Bohlen). 

f  a.  If  restoration  is  accomplished,  recommend  a  good  monitoring  program  for  migration. 

n.  Overtopping  of  the  Reach  B  seawall  occurs  with  such  turbulence  that  a  secondary 
seawall  at  the  toe  of  the  park  embankment  option  would  be  a  safeguard  to  prevent  erosion 
at  the  toe  of  the  embankment. 

o.  The  alternative  to  structural  improvements  is  sandfill  of  a  good  quality 
designed  for  the  desired  Stillwater  elevation.  A  properly  designed  and  maintained  beach 
should  eliminate  the  need  for  any  backshore  or  toe  protection  of  the  existing  seawalls, 
if  it  is  to  be  used  as  a  flood  protection  improvement.  The  problems  then  become  either: 

1)  Institutional ,,  assuring  funds  are  programmed  for  timely  beach  maintenance,  or 

2)  the  cost  effectiveness  of  a  beach  vs.  ocher  options. 

I 

p.  He  recommends  considering  combinations  of  measures,  i.e.,  beach  plus 

embankment  for  recreation  and  flood  control.  Because  of ^adequacy  of  wave  data,  designs 
should  be  conservative.  •  • 

T'Ot:  fZ*-r  ficvcx*  8***^ 

q.  The  naturally  flat  beach  fronting  Broad  Sound  serves  as  a  wave  reducer, dissipating 
wave  energy  before  entering  the  area,  even  during  the  worst  storm  events.  Deep  water 
wave  conditions  cannot  occur  along  Revere  Beach  due  to  the  shallow  water  contours  fronting 
the  beach. 

r.  Aerial  photos  taken  under  good  wave  action  may  be  funds  well  spent  for  analyses 
purposes  -  sand  migration  and  wave  refraction. 

Incla  ROBERT  G.  HUNT 

as  Project  Manager 


cc: 

Team  Members 
Planning  Division  File 
Mr.  H.  Higgott 
Mr.  F.  Strlngl 
Dr.  Boheln 
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To:  Mr  Tom  Bruha 
Mr.  Bob  Hunt 


U. S.  Army  Corps  of  Engineers 
New  England  Division 
Waltham  .Massachusetts 


June  4,1983 


From:  W. Frank  Bohlen  PhD 

University  of  Connecticut 
Marine  Sciences  Institute 
Groton, Connecticut 

Subject:  Revere  Beach  Backshore  Study 
Workshop  Comments 

To  supplement  the  conments  provided  at  the  workshop  held  on  April  4, 

1983  at  NED  Waltham  at  which  a  variety  of  designs  intended  to  reduce  flooding 
potential  along  the  Revere  Beach  shorefront  were  discussed,  the  following 
responses  to  the  questions  listed  in  the  Workshop  handout  (attached  as 
Appendix  A)  are  provided: 

Question  No.  1.  Although  comprehensive,  long  term  data  detailing  the 
surface  wave  field  in  the  open  waters  of  Massachusetts  Bay  inmediately  ad¬ 
jacent  to  Broad  Sound  are  not  available,  additional  effort  to  obtain  field 
data  does  not  appear  to  be  necessary  at  this  time.  The  wave  data  obtained 
by  Raytheon  Corp.  as  part  of  the  Massachusetts  Deepwater  Port  Study  (1974) 
and  referenced  in  the  Ravere  Beach  Master  Plan  prepared  by  Carol  R.  Johnson 
4  Associates  (1978)  appear  sufficient  for  the  purposes  of  initial  planning 
and  design.  The  limitations  in  this  area  appear  to  be  more  a  factor  of  the 
influence  of  the  broad  shallows  fronting  the  beach  and  the  associated  means 
of  adequately  modeling  the  frictional  retardation  and  modification  of  the 
incoming  wave  field  induced  by  these  shallows  than  inadequate  knowledge  of 
the  offshore  wave  field.  If  effort  was  to  be  placed  in  one  of  these  two 
areas  it  would  appear  to  be  most  profitably  placed  in  the  development  of 
accurate  models  of  wave  refraction  including  the  effects  of  friction. 

Question  No. 2  Since  the  more  exposed  conditions  characteristic  of  Revere 
Beach  favor  increased  wind  and  wave  driven  setup  it  appears  possible  that 
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stillwater  levels  at  this  location  could  be  somewhat  higher  than  those 
concurrently  observed  at  Boston  (i.e.  Commonwealth  Pier).  The  flood  level 
surveys  conducted  following  the  February, 1978  storm  seem  to  support  this 
conclusion  (see  Tidal  Flood  Profile  No. 11  Cohasset.Mass.  to  Georgetown .Maine 
Jan., 1980  prepared  by  NED  Waltham.  Title  appears  to  be  New  England  Coast¬ 
line  Tidal  Flood  Survey.) 

Question  No. 3  All  available  information  indicates  that  Reach  A  along 
the  southernmost  limit  of  Revere  Beach  and  Reach  C  north  near  the  midpoint 
of  the  beach  adjacent  to  Oak  Island  Street, are  quite  stable.  The  long-term 
average  accretion  observed  in  these  areas  appears  to  be  the  result  of  the 
deposition  of  materials  transported  from  other  sections  of  the  beach  that 
are  concurrently  experiencing  erosion  (most  notably  the  area  fronting  the 
MDC  Bath-house).  If  detailed  time-series  observations  of  beachfront  profiles 
along  A  and  C  were  available  I  suspect  that  they  would  show  that  the  above 
accretion  rates  were  decreasing  in  response  to  the  combined  effects  of  re¬ 
duced  sediment  supply  and  advancing  sea  level.  In  the  absence  of  mitigating 
circumstances  (in  particular  an  increase  in  sediment  supply)  this  trend 
should  continue.  Over  the  next  50  to  100  years  therefore,  some  erosion  can 
be  expected  in  Reaches  A  and  C.  The  magnitude  of  this  erosion  however,  should 
be  small  and  essentially  scaled  to  the  rate  of  change  of  mean  sea-level.  In 
comparison  to  changes  that  might  occur  at  other  points  along  the  beach  or 
within  the  immediate  offshore,  the  longterm  changes  in  A  and  C  are  expected 
to  be  small.  For  at  least  initial  design  purposes  therefore,  it  does  not 
appear  unreasonable  to  assume  that  these  areas  will  be  historically  stable. 

Question  No. 4  Observations  suggest  that  minimal  overtopping  of  the  sea¬ 
walls  along  Reaches  A  and  C  occurred  during  the  February ,1978  storm.  This 
factor  in  combination  with  the  costs  associated  with  even  small  increases  in 
backshore  elevation  and/or  beachfront  width  suggest  that  sand  placement  along 
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A  and  C  represents  a  relatively  low  priority  item  in  comparison  to  placement 
along  other  sections  of  Revere  Beach. 

Question  No. 5  This  question  was  discussed  in  some  detail  during  the 
Workshop.  Key  points  of  the  discussion  included: 

a.  Selection  of  a  design  life  of  50  to  100  years  seems  somewhat  un¬ 
realistic  given  the  state-of-the-art  in  the  modeling  of  beachfront  response 
following  major  renourishment.  Ten  to  20  years  might  be  more  realistic. 

With  respect  to  the  storm  conditions  selected  for  design  purposes  ability 
to  withstand  the  100  year  storm  or  the  events  with  an  annual  recurrence 
probability  of  1%  seems  appropriate.  Designs  to  withstand  the  500  year  or 
the  SPN  appear  to  result  in  a  significant  increase  in  costs.  Such  increases 
might  be  difficult  to  justify  from  the  cost:benefit  standpoint. 

b.  Backshore  elevations  along  the  seawall  of  SWL  +2  or  greater  appear  - 
to  be  preferable.  This  would  provide  reasonable  protection  from  100  year 
storm  conditions  while  providing  some  degree  of  latitude  to  permit  readjust¬ 
ment  during  the  irnnediate  post-project  period.  The  Master  Plan  called  for 

a  1:20  slope  from  an  elevation  at  the  seawall  of  15  ft  +MSL(NGVD).  Such  a 
slope  was  expected  to  place  the  mean  high  water  line  during  moderate  storm 
conditions  at  a  point  approximately  115ft  from  the  seawall.  Beyond  this  point 
slopes  would  decrease  progressi vely  to  gradually  fair  into  the  extremely 
shallow  offshore  grades.  Placement  of  sand  along  the  upper  beach  at  the 
horizontal  (as  shown  in  the  drawings  included  in  Appendix  A  for  Reaches  B 
and  D)  may  allow  a  slight  reduction  in  the  backshore  elevation  on  the  assump¬ 
tion  that  readjustment  will  see  a  slope  develop  sufficient  to  increase 
elevations  along  the  base  of  the  seawall  while  decreasing  elevations  adjacent 
to  the  mean  high  water  line.  The  extent  to  which  this  will  occur  depends 
in  large  part  on  the  grain  size  characteristics  of  the  fill  material.  Sands 
coarse  with  respect  to  the  prevailing  materials  may  support  such  a  readjustment. 
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As  the  grain  size  differential  decreases  the  tendency  for  readjustment 
may  also  decrease  leaving  a  situation  in  which  upper  beach  slope  increases 
only  due  to  erosion  along  the  high  water  line.  Under  these  circumstances 
backshore  elevations  may  only  tend  to  decrease.  At  elevations  (Immediate 
post-construction)  approaching  SWL  any  such  decrease  would  cause  elevations 
to  rather  quickly  approach  the  100  year  storm  level  limiting  runup  protec¬ 
tion  and  increasing  the  potential  for  beachfront  erosion  during  high  energy 
events.  In  short,  keeping  backshore  elevations  as  high  as  possible  appears 
advisable. 

c.  The  utility  of  high  backshore  elvations  and  a  reasonably  wide 
(MOOft)  beach  above  the  mean  high  water  line  within  flood  control  efforts 
depends  in  large  part  on  the  overall  stability  of  the  placed  sands.  Stabil¬ 
ity  or  the  resistance  to-  erosion  appears  to  depend  primarily  on  the  charac¬ 
ter  of  the  bounding  seawall  and  the  plan  contour  of  the  finished  fill.  In 
the  area  of  the  MDC  Bath-house  (Reach  B)  the  broad  concrete  apron  complicates 
sand  placement  and  results  in  a  situation  favoring  erosion  due  to  storm 
wave  impact  along  the  seaward  vertical  face,  swash  return  from  the  inclined 
face,  and  diffraction  effects  along  the  southern  and  northern  margins.  It 
would  be  preferable  if  this  discontinuity  could  be  removed.  Since  this  does 
not  appear  to  be  feasible  at  this  time  effort  must  be  made  to  "obscure" 
this  structure  as  much  as  possible. 

With  regard  to  the  plan  contour  of  the  beach,  the  erosion  of  the  placed 
sand  will  in  large  part  be  a  function  of  the  angle  of  incidence  between  the 
incoming  wave  field  and  the  seaward  edge  of  the  placed  sands.  At  normal  in¬ 
cidence  reaojustment  will  occur  primarily  via  onshore-offshore  transport  and 
will  vary  in  response  to  grain  size/wave  energy  characteristics.  This  pro¬ 
cess  is  relatively  slow  and  reasonably  predictable.  As  wave  incidence  becomes 
progressively  more  oblique  erosion  via  longshore  transport  will  increase 


-5- 


rapidly  and  tend  to  dominate  the  net  displacement  of  fill  material.  To 
minimize  this  transport  design  contours  should  be  selected  following  analy¬ 
sis  of  the  incoming  wave  field  (particularly  local  refraction  characteristics) 
in  combination  with  consideration  of  the  prevailing  stability  of  the  beach. 

If  the  present  form  of  the  beach  is  stable  then  the  design  contours  should 
as  far  as  possible  parallel  the  existing  beach  contours.  The  extent  to  which 
this "fairing" is  possible  will  determine  the  initial  stability  of  the  placed 
sands.  Poor  fairing  will  result  in  high  initial  transport  rates  during  the 
immediate  post-project  period.  The  final  beach  form  will  depend  upon  the 
amount  of  the  placed  sands  remaining  within  the  project  area  following 
termination  of  this  readjustment.  The  goal, of  course, is  to  maximize  this 
retention  in  the  project  area. 

The  extent  to  which  "fairing"  is  necessary  to  maximize  stability 
determines  the  volumes  of  sand  required  to  achieve  particular  contours.  For 
a  long,  straight  beach  with  moderate  to  high  stability,  sands  must  be  added 
to  the  entire  beach  if  initial  contours  are  to  be  stable.  Pocket  beaches  or 
beaches  characterized  by  several  transport  cells  (effectively  segmenting 
the  beachfront)  may  be  less  demanding.  In  the  case  of  Revere  Beach  it  is 
apparent  that  significant  changes  in  the  beachfront  within  Reach  B  will  re¬ 
quire  a  moderately  large  volume  of  sand  with  the  materials  faired  from  the 
Crescent  Beach  area  north  to  the  vicinity  of  Oak  Island  Street.  Smaller 
volumes  of  sand  simply  placed  in  front  of  the  MDC  Bath-house  will  experience 
high  initial  erosion  rates  and  will  be  transported  north  and  south  away  from 
the  deposition  site.  The  ultimate  contour  will  most  probably  be  little  differ¬ 
ent  than  that  presently  prevailing.  With  regard  to  questions  concerning  the 
need  to  continue  fairing  beyond  the  Oak  Island  area.  Although  it  is  always 
preferable  to  consider  the  entire  beach  as  a  single  unit  and  sand  accordingly, 
it  does  not  appear  essential  in  the  case  of  Revere  Beach.  This  area  is  affected 
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by  several  transport  cells.  The  A,B,C  Reach  appears  to  constitute  one  of 
these  cells.  As  a  result  the  confinement  of  sanding  to  this  area  appears 
justified.  It  should  be  recognized  that  this  construct  is  to  some  extent 
conjectural  despite  being  based  on  the  best  information  available.  As 
a  result  if  it  is  essential  that  sands  placed  along  the  southern  Reaches 
not  influence  areas  to  the  north  additional  data  concerning  the  character 
of  sand  transport  along  Revere  Beach  should  be  obtained. 

Question  No. 6  "Reasonable  erosion  rate"  seems  a  rather  subjective  term. 

I  take  it  to  mean  the  rate  that  might  be  expected  for  a  reasonably  well 
designed  beachfront  at  Revere.  Following  the  initial  readjustment  period 
a  rate  of  less  than  10,000yds^/year  should  be  able  to  be  maintained. 
Meteorological  conditions  prevailing  during  the  observation  period  could 
however,  significantly  increase  this  number.  If,  for  example,  ten  100  year 
storm  events  occurred  within  a  single  decade  stability  could  be  essentially 
precluded.  Hopefully  if  below  average  conditions  prevailed  during  the  next 
decade  a  major  fraction  of  these  materials  would  return  to  the  beachface 
resulting  in  average  loss  rates  of  less  than  1 0, 000yds ^/yr. 

Question  No. 7  The  problem  with  such  a  beach  should  be  apparent  from 
comments  provided  as  part  of  Question  No. 5.  A  top  elevation  of  9ft  NGVD 
would  expose  most  of  the  beachface  to  significant  energy  during  the  lOOyr 
event.  The  reference  to  the  Master  Plan  is  not  clear.  It  appears  that  the 
plan  called  for  an  elevation  along  the  seawall  of  15ft  NGVD.  Is  there  some 
difficulty  with  the  datum? 

Question  No, 8  The  answer  to  this  question  is  unknown  at  this  time.  There 
is  every  indication  that  groundwater  seepage  represents  an  important  factor 
within  the  overall  stability  of  Revere  Beach  particularly  within  the  Reach 
fronting  the  MDC  8ath-house.  The  correlation  between  groundwater  flow  as 
measured  by  Or.  John  Swallow  for  the  MDC  and  areas  of  narrow  beachfront  and 
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apparently  accelerated  erosion  is  suggestive.  Further  determination  of 
through-beach  flow  rates  and  the  probable  sources  of  the  waters  seems 
warranted. 

Question  No.  9  See  the  above  comments  related  to  Question  No.  5.  Given 
the  required  "fairing"  to  achieve  stable  contours  fill  placement  at  Won¬ 
derland  (MDC  Bath-house  area)  and  North  Beaches  essentially  represents 
sanding  of  the  entire  beach.  If  phasing  was  required  priority  should  be 
given  to  the  southernmost  reach  (Reach  B).  It  does  not  appear  advisable 
to  sand  the  northern  section  prior  to  completion  of  the  southern  section. 


Question  No.  10  The  question  of  esthetics  was  discussed  in  some  detail. 
Depending  on  the  volume  of  sand  required  to  complete  the  various  phases  of 
resanding  it  should  be  possible  to  obtain  sands  having  the  proper  textural 
properties  to  satisfy  dynamic  considerations  and  an  acceptable  color  to 
satisfy  local  residents  and  beach  users.  It  was  suggested  that  contact  be  made 
with  Childs  Engineering  Corp.  of  Medfield.Mass.  to  review  the  sand  samples 
and  probable  source  area  information  obtained  as  part  of  the  MDC  Lynn  Beach 
study.  The  approach  in  which  a  single  source  of  material  is  used  appears 
preferable  to  any  attempt  to  develop  a  two  layer  structure.  If  such  a  structure 
was  to  be  constructed  the  esthetically  unacceptable  sands  would  have  to 
remain  isolated  within  the  core.  Given  the  dynamic  character  of  Revere  Beach 
this  will  probably  be  difficult  if  not  impossible  to  do.  It  should  be  re¬ 
membered  that  many  of  the  sands  obtained  from  terrestrial  borrow  pits  will 
approach  the  color  of  beach  sand  following  a  suitaole  weathering  period.  Tests 
to  determine  the  extent  to  which  this  will  occur  and  yield  acceptable  colors 
should  be  considered.  Also  it  is  possible  that  a  marine  source  area  could  be 


used  as  the  source  of  renourishment  sands. 
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Question  No. 11  Given  the  present  sedimentation  characteristics 
near  the  entrance  to  the  Saugus/Pines  River  system  it  appears  unlikely 
that  significant  quantities  of  sands  placed  along  Revere  Beach  will  be 
transported  into  the  areas  fronting  Lynn  Harbor.  Materials  reaching  the 
distal  end  of  the  beach  will  tend  to  be  carried  either  northwest  into  the 
river  or  offshore  into  Broad  Sound.  Some  fractions  of  these  materials  may 
accumulate  within  the  navigational  channel.  To  determine  the  quantitative 
extent  of  this  deposition  additional  information  detailing  currents  and 
the  extent  of  wave-current  interaction  in  this  area  is  required.  From  the 
response  of  the  area  following  previous  resanding  activities  significant 
infilling  due  to  materials  transported  from  the  beach  appears  unlikely. 

Question  No. 12  This  was  the  defined  limits  of  the  MDC  project.  See  Gale 
survey  maps  included  in  the  Master  Plan. 

Question  No. 13  Contact  the  MDC  for  permission  to  reproduce  the  Beachfront 
portion  of  the  Master  Plan. 

Question  No. 14  There  were  many  other  questions  discussed  including  sources 
of  funding,  ways  to  expedite  the  project  and  the  need  for  information  dis¬ 
semination  at  an  early  stage  so  as  to  involve  the  public  as  much  as  possible 
and  to  minimize  later  "surprises". 

Question  No. 15  There  is  every  indication  that  restoration  of  the  beachfront 
along  Revere  Beach  represents  a  viable  means  to  increase  both  recreational 
utility  and  flood  protection  for  the  backshore.  As  such  there  are  no  grounds 
to  justify  "screening  out"  at  this  time.  All  of  the  options  discussed  appear 
to  merit  further  investigation. 

Question  No. 16  Beachfront  survey  and  bathymetric  data  indicate  that  the 
February  1978  storm  served  to  move  large  volumes  of  sediment  within  the 
shallows  fronting  Revere  Beach.  Along  the  beachfront  itself  relatively  small 
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volumes  of  sediment  were  displaced  by  the  storm.  The  primary  reasons 
for  this  transport  pattern  appeared  to  be  the  sheltering  provided  by 
Nahant  and  the  extent  of  the  shallows  fronting  the  Beach.  In  the  absence 
of  renourishment  similar  storm  conditions  are  expected  to  produce  similar 
results.  Following  renourishment  however,  beachfront  displacements  could 
be  significantly  different.  This  would  be  particularly  true  if  the  storm 
occurred  during  the  immediate  post-project  period  when  the  placed  sands 
are  highly  susceptible  to  displacement.  The  volumes  involved  and  their  ultimate 
destination  will  depend  on  the  character^  the  material  and  the  design 
contours  of  the  beach.  Following  the  readjustment  period,  the  impact  of 
a  major  storm  event  on  the  placed  sands  will  vary  as  a  function  of  the 
same  parameters  (grain  size  and  selected  contours).  Calculations  could  be 
developed  to  estimate  the  volumes  displaced  under  a  variety  of  conditions. 
Without  doubt  however,  the  volumes  of  beachfront  materials  displaced 
after  renourishment  and  readjustment  will  be  higher  than  those  displaced 
at  present.  It  appears  to  be  simply  the  result  of  having  more  material  to 
move  around.  Properly  designed  however,  this  displacement  will  not  result 
in  significant  net  losses  of  material  from  the  beachfront  system. 
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REVERE  BEACH  BACKSHORE  STUDY 
QUESTIONS  FOR  WORKSHOP  WITH  DR.  BOHLEN 
APRIL  4,  1983 

1.  Is  additional  effort  needed  to  define  the  deep  water  wave  and  to 

develop  wave  refraction  for  these  feasibility  studies;  or  wait  for  the 

advanced  engineering  and  design  stage?  Ref:  Master  Plan  Tech.  Rpt.  12/78, 
Oceanography  and  Beach,  W.F.  Bohlen,  pgs.  190+205. 

2.  Is  it  possible  for  the  1978  et.al.  Stillwater  to  be  higher  at  Revere 
than  Boston?  Ref:  Master  Plan  EIS  Appendix  J-2. 

3.  Is  it  reasonable  to  assume  existing  conditions  (beach  profiles)  will 
not  significantly  erode  for  Reach  A  (Crescent  Beach)  and  Reach  C  (Oak  Island 
Street)  over  the  next  a)  50  and  b)  100  years,  recognizing  Reaches  A  and  C  have 
gradually  built  up  since  1900?  Ref:  Handout  and  Dr.  Bohlen's  Report  pr.  205 

4.  Although  the  runup  analysis  shows  no  overtopping  should  sections 

A  and  C  beach  width  or  elevation  be  increased  or  additional  measures  taken 
to  provide  protection  for  either  the  100  year,  500  year  or  SPN  flood 
events-design  options?  (Stillwater  levels:  10.3,  11.2,  13.0  feet  NGVD, 
respectively.)  Ref:  Handout 

5.  What  are  acceptable  beach  designs  in  Reaches  B  and  D  (Wonderland  and 
North  Beach)  to  prevent  reaching  critical  overtopping  condition  over  the 
next  50-100  years.  Consider  designs  with  100’  wide  berm  and  top  of  beach 
at  either  design  SWL/SWL  +  l'/SWL  +2',  slope  1:15?  Compare  to  incremental 
costs  and  benefit  versus  better  materials  (i.e.  bankrun)  to  justify  lower 
slope.  Ref:  Handout 

6.  What  is  a  reasonable  maintenance  o  •  erosion  rate  for  A  and  C  and  B  and  D 
if  coarser  material  is  placed.  (Historically:  3-4,000  cy/yr  average/ 

22,000  c.y.  maximum  in  Reach  B  (1904-1910)  may  or  may  not  be  representative.) 
Ref:  Bohlen  pgs  188,  212,  215. 
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7.  Any  problem  with  a  recreation  only  beach  design  with  top  elevation 

at  9.0  feet  NGVD,  100'  wide  berm  to  1:15  slope?  (Reach  B:  170,000  cy  (3  $1.5  M; 
Reaches  A-D:  330,000  cy  <3  $3.2  M)  Ref:  Bohlen,  pg  213,  El.  10  (3  1:20,  1:100. 

8.  How  critical  is  the  ground  water  seepage  problem  to  beach  stability/ 

erosion  in  Reach  B?  What  should  be  done  for  further  evaluation?  Ref:  Dr.  Bohlen 
pg.  209,  210. 

9.  Can  the  two  eroded  areas  at  Wonderland  Beach  and  North  Beach  be  built 

separately  from  entire  beach?  Ref:  Bohlen,  pg.  223. 

10.  Would  a  two  layer  beach  design  be  acceptable  and  how  best  to  do  it,  to 
achieve  an  acceptable  top  layer?  (i.e.  Base  Coarse  yellow/Surface  coarse 
white  et.al.) 

11.  What  problems  or  analyses  are  needed  to  determine  impacts  of  deposition 
of  new  sand  in  navigation  channels,  or  large  amounts  reaching  Lynn  Harbor's 
shellfish  beds,  and  wintering  areas  for  black  ducks?  Ref:  Dr.  Bohlen,  pg.  206. 

12.  The  Master  Plan  recreation  beach  is  taken  to  Oak  Island  Street.  Why 
and  how  is  the  area  computed?  Ref:  Dr.  Bohlen,  pg.  211. 

13.  Permission  to  reproduce  Dr.  Bohlen 's  report? 

14.  Additional  questions  on  Dr.  Bohlen 's  Ocean/Beach  Report  or  other  issues. 

15.  Can  we  decide  at  this  time  whether  or  not  beach  restoration  options 
should  be  screened  out  as  alternatives  for  flood  protection,  or  should  the 
options  be  investigated  further? 

16.  The  Blizzard  of  '78  show  ed  no  significant  erosion,  can  this  be  typical 
of  future  events  with  or  without  beach  restoration?  Ref:  Bohlen,  pg.  211. 
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GENERAL  NONSTKJCIURAL  OCNSIEERATIONS 


Floodproofing,  by  definition,  is  a  body  of  techniques  for  preventing 
damages  due  to  floods,  requiring  adjustments  both  to  structures  and  to 
building  contents,  and  it  involves  keeping  water  out  as  well  as  reducing 
the  effects  of  water  entry.  Such  adjustments  can  be  applied  by  the 
individual  or  as  part  of  a  collective  action  either  when  buildings  are 
under  construction  or  during  remodeling  or  expansion  of  existing 
structures.  They  may  be  permanent  or  temporary. 

Floodproofing,  like  other  methods  of  preventing  flood  damages,  has  its 
limitations.  It  can  generate  a  false  sense  of  security  and  discourage  the 
development  of  needed  flood  control  and  other  actions.  Indiscriminately 
used,  it  can  tend  to  increase  the  unwise  use  of  flood  plains  resulting 
from  unregulated  floodplain  development. 

A  floodproofing  program  would  normally  warrant  serious  consideration 
in  the  following  circumstances: 

.  Where  floodproofing  is  the  most  economically  feasible  solution; 

.  Where  flood  control  projects  are  not  feasible  due  to  environmental, 
social  or  economic  reasons; 

.  Where  reduced  flood  risk  could  lead  to  more  favorable  flood 
insurance  rates;  and 

.  Where  existing  flood  control  projects  provide  only  partial  flood 
protection. 

Floodproofing  measures  can  be  classified  into  three  broad  categories. 
First,  there  are  permanent  measures  which  become  an  integral  part  of  the 
structure  or  land  surrounding  it.  Second,  there  are  temporary  or  standby 
measures  which  are  used  only  during  floods,  but  which  are  constructed  and 
made  reedy  prior  to  any  flood  threat.  Third,  there  are  emergency  measures 
which  are  carried  out  during  flood  situations  in  accordance  with  a 
predetermined  plan. 

Only  the  first  two  types  of  measures  will  be  discussed  in  the 
following  sections,  which  will  focus  on  their  use  in  existing  structures 
located  in  flood  hazard  areas. 

In  recent  years,  floodproofing  measures  have  generally  cane  to  be 
known  as  "nonstructural"  to  distinguish  them  from  so  called  ''structural'' 
measures,  traditionally  associated  with  major  flood  control  works.  The 
two  names  are  used  interchangeably  in  the  presentation  of  individual  types 
of  measures  that  follow.  Although  numerous  measures  exist,  depending  upon 
the  degree  of  protection  to  be  provided,  the  following  nonstructural 
measures  are  discussed  in  detail: 
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.  Installation  of  temporary  or  permanent  closures  for  openings  in 
existing  structures. 

.  Raising  of  existing  structures  in  place. 

.  Rearrangement  or  protection  of  damageable  property  within  an 
existing  structure. 

.  Relocation  of  existing  structures  from  a  flood  hazard  area. 

a.  Temporary  and  Permanent  Closures  For  Openings  in  Existing 
Structures 

Structures  whose  exteriors  are  generally  impermeable  to  water  can  re 
designed  to  keep  floodwaters  out  by  installing  watertight  closures  to 
openings  such  as  doorways  and  windows  as  shown  on  Figure  D-l.  While  seme 
seepage  will  probably  always  occur,  it  can  be  reduced  by  applying  sealants 
to  waills  and  floors  and  providing  floor  drains  where  practical.  Closures 
may  be  temporary  or  permanent.  Temporary  closures  are  installed  oily 
during  a  flood  threat  and  therefore  need  warning  time  before 
installation.  Specific  measures  which  may  be  undertaken  are  described 
below. 

Doorway  Closures  -  To  prevent  seepage  around  exterior  doors, 
installation  of  seme  form  of  floodproofing  is  required,  one  of  these  is 
flood  shields.  Shields  are  normally  fabricated  of  aluminum  steel,  or  wood 
and  tiwHp.  to  the  height  and  width  desired.  In  cxmmercial/industrial 
structures  they  may  be  permanently  installed  on  hinges  or  rollers  for 
swinging  or  sliding  into  place  or,  more  often  and  particularly  for 
residential  structures,  they  nay  be  stored  nearby  for  installation  during 
a  time  of  flood.  Doorways  not  needed  may  be  permanently  closed  in  with 
masonry  or  other  relatively  impermeable  materials. 

Window  Closures  -  Normal  window  glass  will  take  little  hydrostatic 
pressure  and  is  especially  vulnerable  to  breakage  by  floating  debris. 

Flood  shields  are  octmcnly  used  to  protect  windows  and  prevent  water  from 
entering  the  structure.  They  may  be  permanently  installed  on  hinges  or 
rollers  at  the  window  opening  or  stored  elsewhere  and  installed 
temporarily  during  floods.  Windows  not  needed  can  be  permanently  closed 
in  with  masonry  or  other  impermeable  materials. 

Floodproofing  measures  such  as  waterproofing  sealants  are  sometimes 
applied  to  generally  impermeable  floors  and  walls  to  further  reduce 
seepage.  Sewer  lines  and  other  plumbing  facilities  can  be  floodproofed  by 
installing  backflow  valves,  gate  valves  and  floor  drains  equipped  with 
backflow  prevention  features. 

Seme  seepage  is  likely  to  enter  a  structure  even  though  it  is  made 
generally  watertight  so  sunp  pumps  should  be  available  to  remove  seepage 
that  might  occur.  The  pump  discharge  should  be  installed  above  the 
expected  level  of  flooding. 
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FIGURE  D-l 


The  above  measures  are  those  generally  used  to  keep  water  out  of  a 
structure.  They  can  be  used  in  any  combination  depending  on  specific  site 
conditions. 

Ftiysical  Fftaaihi l  it-y.  Mast  structures,  whether  residential, 
commercial  or  industrial,  are  not  designed  to  withstand  hydrostatic 
pressure  an  the  exterior  walls.  Therefore,  when  discussing  physical 
feasibility  the  principal  considerations  are  that  (1  the  exterior  walls 
are  impermeable  or  can  be  made  so,  (2)  all  openings  below  the  design  level 
can  be  closed,  and  (3)  the  structure  can  withstand  anticipated  hydrostatic 
pressures  including  buoyancy. 

Structures  with  exterior  walls  constructed  of  masonry  materials  are 
relatively  impermeable  and  can  be  made  more  so  by  sealing  exterior 
surfaces.  Such  structures  are  particularly  suited  to  keeping  out  water 
and  the  only  adjustments  necessary  are  to  minimize  seepage  through  walls 
and  floors  with  waterproofing  materials  and  closing  of  doorways,  windows 
and  plumbing  lines.  Structures  with  sidings  of  generally  permeable 
materials  are  difficult  to  floodproof  to  the  extent  of  keeping  water  out. 
Even  for  structures  constructed  of  relatively  impermeable  materials,  the 
condition  of  the  structure  and  the  number,  location,  and  size  of  opening 
influence  the  feasibility  of  providing  closures. 

When  water  is  prevented  front  entering  a  structure  the  walls  become 
subject  to  lateral  and  hydrostatic  forces  which  may  cause  buckling  or 
flotation.  Most  structures  are  not  designed  to  carry  these  forces  and 
consequently  are  in  danger  of  collapse  or  floating  if  floodwaters  rise  too 
high.  It  is  particularly  difficult  to  analyze  the  capability  of  existing 
structures  to  resist  these  forces  because  of  the  general  lack  of  knowledge 
about  workmanship  and  materials  used  during  construction  and  about  the 
present  condition  of  these  materials. 

Advantages 

.  Floodproofing  may  be  done  on  a  selective  basis  to  only  those 
openings  through  which  water  alters  and  only  to  the  height  desired. 

.  Easy  and  quick  to  implement. 

.  For  large  ocnmercial  and  industrial  type  structures,  this  may  be 
the  most  important  ncnstructural  means  of  flood  damage  reduction. 

Disadvantages 

.  Applicable  only  to  structure  with  brick  or  masonry  type  walls  and 
without  basement,  which  can  structurally  withstand  the  hydrostatic  and 
uplift  pressure  of  the  design  flood  and  which  are  generally  watertic^it. 

.  Reduced  likelihood  of  effective  closure  at  nights  and  during 
vacations  with  temporary  closures. 
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.  May  create  a  false  sense  of  security  and  induce  people  to  stay  in 
the  structure  lcnger  than  they  should. 

b.  Raising  Existing  Structures 

Existing  structures  in  flood  hazard  areas  can  often  be  raised  in  place 
to  a  higher  elevation  to  reduce  the  susceptibility  of  the  structures  to 
flood  damage  as  shown  on  Figure  D-2. 

Fhvsical  Feasibility.  Technology  exists  to  raise  almost  any 
structure.  From  a  practical  viewpoint,  raising- in-place  is  most 
applicable  to  structures  which  can  be  raised  by  low-cost  conventional 
means.  Generally,  this  means  structures  that  (1)  are  accessible  below  the 
first-floor  level,  (2)  are  light  enough  to  be  raised  with  conventional 
house-moving  equipment,  and  (3)  do  not  need  to  be  partitioned  prior  to 
raising.  Wood-frame  residential  and  light  ocrme.rcial  structures  with 
first  floors  above  grade  are  particularly  suited  for  raising. 

Structures  with  concrete  floor  slabs  (slab-on-grade)  and  structures 
with  camion  wells  are  not  feasible  to  raise  without  special  equipment 
involving  additional  expense. 


Advantages 

.  Damage  to  structure  and  contents  is  reduced  for  floods  below  the 
raised  first  floor  elevation. 

.  Particularly  applicable  to  single  and  two-story  frame  structures  on 
raised  foundations. 

.  Structures  have  been  raised  to  heights  up  to  nine  feet.  The 
greater  heights  are  probably  most  acceptable  in  wooded  areas  of  steep 
topography. 

.  The  means  of  raising  a  structure  are  well  known  and  contractors  are 
readily  available. 

.  Raising  in-place  allows  the  owner/user  to  continue  living/working 
at  the  existing  location. 


Disadvantages 

.  Residual  damages  exist  when  floods  exceed  the  raised  first  floor 
elevation.  Minor  damage  may  occur  below  the  first  floor  depending  upon 
use. 


.  Not  generally  feasible  for  structures  with  slab-on-grade 
foundations  or  structures  with  basements  (unless  basement  flooding  is 
tolerated) . 
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FIGURE  D-2 


.  landscaping  and  terracing  may  be  necessary  if  the  height  raised  is 
extensive. 

c.  Rearranging  or  Protecting  Damageable  Property  within  an  Existing 
Structure 

Within  an  existing  structure  or  group  of  structures  damageable 
property  can  often  be  placed  in  a  less  damageable  location  or  protected 
in-place.  It  is  something  every  property  owner  can  do  to  one  degree  or 
another,  depending  upon  the  type  and  location  of  damageable  property  and 
upon  the  severity  of  the  flood  hazard  as  shown  in  Figure  D-3. 

Examples  of  this  type  of  action  are  described  as  follows: 

.  Protecting  furnaces  and  appliances  by  raising  them  off  the  floor. 
This  may  be  appropriate  far  shallow  flooding  conditions. 

.  Relocating  damageable  property  to  higher  floors. 

.  Relocating  oooroercial  and  industrial  finished  products,  merchandise 
and  equipment  to  a  higher  floor  or  adjacent  and  higher  buildings. 

.  Relocating  finished  products,  materials,  equipment  and  other 
moveable  items  located  outside  a  structure  to  an  adjacent,  less  floodprcne 
site. 


.  Protecting  cxmnercial/ industrial  equipment  by  placing  them  on  a 
pedestal,  table  or  platform. 

.  Anchoring  all  property  which  might  be  damaged  by  movement  from 
floodwaters. 

.  Protecting  important  mechanical  and  electrical  equipment  by 
inclosing  them  in  a  watertight  utility  cell  or  utility  room. 

Riysical  Feasibility.  The  degree  to  which  property  can  be  rearranged 
and  protected  is  site  specific.  It  depends  on  the  flood  hazard, 
principally  depth  and  frequency  of  flooding;  upon  the  damageable  property, 
its  type,  value,  location  and  moveability;  upon  the  availability  and 
adaptability  of  adjacent,  less  flood-prone  locations;  and  upon  whether  the 
rearrangement  can  be  maintained  over  a  succession  of  flood-free  years. 
Shallow  flooding  allows  the  use  of  protective  types  of  measures  where 
appliances,  utilities,  equipment  and  goods  can  be  raised  in-place  and 
protected,  there  the  hazard  is  more  severe  and  inundation  is  to  greater 
depths,  property  will  need  to  be  relocated  to  prevent  damage. 

Residual  damage  to  both  structure  and  contents  will  remain  even  when 
property  is  rearranged  or  protected.  For  these  reasons,  protection  of 
property  seems  to  be  given  most  serious  consideration  when  other  measures 
are  either  not  physically  or  economically  feasible  or  the  depth  of 
flooding  is  relatively  shed  low. 
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FIGURE  D-3 


Advantages 


.  Most  any  residential ,  ocranercial  or  industrial  property  owner  can 
do  this  to  one  degree  or  another. 

.  It  can  be  done  on  a  per  item  basis  thus  reducing  the  cost  and 
allowing  selective  protection  of  high  value  contents. 

.  A  structure  can  continue  to  be  used  at  its  existing  site. 

Disadvantages 

Damage  can  be  reduced  only  on  those  items  which  can  be  relocated  or 
protected. 


.  A  potential  residual  damage  to  the  structure  and  contents  not 
relocated  or  protected  remains. 

.  New  patterns  must  be  established  for  relocated  property. 

d.  Relocation  of  Existing  Structures  and/or  contents  From  a  Hazard 
Area 


There  are  basically  two  options  for  removing  property  to  a  location 
outside  the  flood  hazard  area.  One  option  is  to  remove  both  structure  and 
contents  to  a  flood-free  site;  the  second  is  to  remove  only  the  contents 
to  a  structure  located  cut  of  the  flood  hazard  area  and  demolish  or  reuse 
the  structure  at  the  existing  site  within  the  flood  plain.  Each  of  these 
options  is  shown  in  Figure  D-4. 

If  the  structure  is  reused,  it  should  be  for  something  with  Contents 
that  are  not  readily  damageable.  Preserving  a  structure  far  historic 
purposes  is  one  exanple.  There  are  also  other  possibilities  such  as 
removing  part  of  the  contents,  relocating  one  of  a  group  of  structures,  or 
modifying  an  existing  structure  to  acocnmodate  a  new  use.  In  each  case 
the  purpose  is  to  remove  damageable  property  from  the  hazard  area,  yet 
take  advantage  of  opportunities  for  using  the  existing  property  in  ways 
which  are  ocnpatible  with  the  hazard. 

Physical  FW^i&UltY-  While  the  experience  and  equipment  exist  for 
moving  many  different  types  of  structures,  there  is  a  practical  limit  on 
the  size  and  type  of  structure  that  is  economically  feasible  to  move  to 
reduce  flood  losses.  Even  the  most  readily  relocatable  structures  are 
costly  to  remove. 

One  or  two-story  residential  and  light  ocranercial  structures  of  wood 
frame  on  raised  foundations  or  basements  are  usually  easy  to  love  because 
of  the  structure  weight  and  access  to  the  first  floor  joists.  Structures 
of  brick,  concrete  or  masonry  can  also  be  moved;  however,  additional 
precautions  must  be  taken  to  prevent  excessive  cracking.  Most 
ocranercial/ industrial  buildings  are  not  feasible  to  move  because  of  their 
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size  and  type  of  construction.  Rather  than  relocate  the  structure,  it  is 
usually  more  practiced  to  remove  the  contents  and  find  a  new  use  for  it. 
Similar  action  is  sometimes  taken  when  the  damage  potential  to  contents  is 
high,  as  with  valuable  merchandise  or  machinery.  In  such  cases,  if  the 
contents  cannot  be  protected  in  sane  other  way  they  are  often  relocated 
out  of  the  flood  hazard  area  altogether. 

The  advantages  of  removing  existing  contents  from  a  flood  hazard  area 
are  listed  below: 

Advantages 

.  Flood  damage  to  the  existing  contents  is  eliminated.  If  the 
structure  is  demolished  potential  structural  damage  is  eliminated. 

Disadvantages 

.  Damage  to  the  structure  and  site  remain  if  the  structure  is  reused. 

.  Costs  to  remove  contents  and  demolish  the  structure  are  high 
compared  to  other  measures. 

The  advantages  and  disadvantages  of  removing  existing  structure  and 
contents  from  a  flood  hazard  area  are  listed  below: 

Advantages 

.  Flood  damage  is  eliminated  because  there  is  no  residual  damage. 

.  Removal  allows  land  use  adjustments  that  may  be  beneficial  to  the 
ccnnunity. 

.  Inproved  hydraulic  performance  for  passing  flood  flows. 

.  Maintenance  of  flood  plain  land  may  be  reduced. 

Disadvantages 

.  Ccnpared  with  other  measures  for  existing  structures,  removal  is 
costly. 

.  Advantages  associated  with  being  at  the  flood  plain  site  are  lost. 

.  The  vacated  site  requires  continued  maintenance  with  associated 
costs. 

e.  Summary  of  Floodproofina  MBasy; res 

Floodproofing,  as  part  of  the  entire  spectrum  of  ncnstructural  flood 
damage  reduction  measures,  has  irportarrt  value  when  considered  as  part  of 
a  broader  program  for  comprehensive  flood  plain  management.  Continued 


occupanoe  of  developed  floodplain  sites,  and  even  new  development  of  such 
sites,  may  became  necessary  in  sane  lew-lying  places,  especially  in 
certain  urban  areas  where  a  shortage  of  land  may  offer  no  realistic 
alternative.  The  ncnstructural  measures  for  flood  damage  reduction  have 
an  important  role  alongside  traditional  structural  measures  usually 
associated  with  major  flood  control  projects. 

However,  the  foregoing  general  conclusion  should  not  be  misunderstood 
or  misinterpreted.  Nonstructural  measures,  like  structural  measures,  have 
their  particular  applications  and  limitations.  Each  measure  most  be 
evaluated  for  its  specific  application  in  the  reduction  of  flood  damages 
and  only  then  can  it  be  decided  that  the  particular  measure  is  feasible, 
physically  and  economically. 

Same  measures  could  be  used  exclusively  for  existing  development, 
others  for  future;  sane  for  residential  structures,  and  others  for 
cetnnerciaLl/ industrial  buildings;  sane  at  locations  of  frequent  flooding, 
others  where  it  is  less  frequent. 

Lastly,  floodproofing  and  the  ncnstructural  approach  to  flood  loss 
reduction  are  not  cures  for  all  flood  problems.  They  can  increase 
interest  in  flood  damage  reduction  programs  by  heightening  public 
awareness  of  the  flood  risk. 
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Flood  forecast,  warning  and  evacuation  is  a  strategy  to  reduce  flood 
losses  by  charting  cut  a  plan  of  action  to  respond  to  a  flood  threat.  The 
strategy  includes: 

.  A  system  for  early  recognition  and  evaluation  of  potential  floods. 

.  Procedures  for  issuance  and  dissemination  of  a  flood  warning. 

.  Arrangements  for  temporary  evacuation  of  people  and  property. 

.  Provisions  for  installation  of  temporary  protective  measures. 

.  A  means  to  maintain  vital  services. 

.  A  plan  for  postflood  reoccupation  and  economic  recovery  of  the 
flooded  area. 

Flood  warning  is  the  critical  link  between  forecast  and  response.  An 
effective  warning  process  will  communicate  the  current  and  projected  flood 
threat,  reach  all  persons  affected,  aooount  for  the  activities  of  the 
community  at  the  time  of  the  threat  (day,  night,  weekday,  weekend)  and 
motivate  persons  to  action.  The  decision  to  warn  must  be  made  by 
responsible  agencies  and  officials  in  a  competent  manner  to  maintain 
credibility  of  future  warnings. 
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An  effective  warning  needs  to  be  followed  by  an  effective  response. 
This  means  prompt  and  orderly  evacuation  of  people  and  property.  Actions 
which  can  facilitate  this  include: 

.  Establish  of  rescue,  medical  and  fire  squads. 

.  Identification  of  rescue  and  emergency  equipment  that  can  be 
utilized  during  a  flood. 

.  Identification  of  priorities  for  evacuation. 

.  Surveillance  of  evacuation  to  insure  safety  and  protect  property. 

In  addition  to  evacuation,  property  can  be  protected  by  various 
measures,  temporary  flood  proofing  of  structures,  use  of  punpe  and  flood 
fighting.  For  instance  flood  fighting  includes  such  actions  as  raising 
the  level  of  existing  protection;  closing  highways,  streets  and  railroads; 
preventing  backwater  in  sewers;  and  protecting  against  erosion.  All  of 
these  actions  contribute  to  the  overall  goal  of  reducing  flood  loss. 

In  addition,  a  forecast,  warning  and  evacuation  strategy  will  include 
telephone,  energy  (gas  and  electric) ,  sewage,  water,  traffic  control  and 
hospitals  as  well  as  police  and  fire  services.  Postflood  reoocupation  and 
recovery  includes: 

.  Reestablishment  of  conditions  that  will  not  endanger  public 
health:  disease  and  insect  control,  safe  drinking  water,  safe  sewage 
disposal,  medical  supplies. 

.  Return  of  other  vital  services. 

.  Removal  of  sediment,  debris,  flood  fighting  equipment  and 
materials. 

.  Repair  of  damaged  structures. 

.  Establishment  of  disaster  assistance  centers  for  financial  and 
other  assistance. 

Factors  that  determine  the  physical  feasibility  of  forecast,  warning 
and  evacuation  measures  are  somewhat  different  from  those  which  determine 
the  physical  feasibility  of  many  other  nonstructural  measures,  whose 
feasibility  is  directly  related  to  the  type  of  structure  and  depth  of 
flooding.  Forecast,  warning  and  evacuation  feasibility  is  more  dependent 
upon  hydrologic,  social  and  institutional  factors.  The  selection  and 
feasibility  of  forecasting  capability  depends  upon  the  size  of  the 
drainage  area,  whether  the  river  is  a  main  stem  or  tributary,  travel  time, 
and  other  hydrologic  factors  that  influence  the  reliability  of  forecasts. 
Small  watersheds  generally  have  short  response  times,  making  it  especially 
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difficult  for  warnings  to  be  helpful.  The  feasibility  of  warning  systems 
also  depends  upon  social  factors.  Cne  system  may  be  appropriate  for  one 
ocnnunity,  but  not  for  another  because  an  infrastructure  of  ocnmunity  and 
institutional  arrangements  is  neoessary  to  effectively  use  hydrologic 
information.  The  degree  to  which  this  infrastructure  is  created 
influences  the  effectiveness  of  different  warning  and  evacuation  measures. 

Advantages 

.  Preparedness  planning  is  almost  always  economically  feasible  and 
desireable.  Something  can  usually  be  done  even  in  areas  where  other  flood 
loss  reduction  measures  are  implemented. 

.  A  significant  saving  of  lives  may  result  in  flash  flood  or  water 
related  structural  failure  situations. 

.  Accurate  forecasts  and  warnings  may  permit  sufficient  time  to 
implement  temporary  protective  measures  to  significantly  reduce  flood 
damage. 


Disadvantages 

.  The  effectiveness  of  the  warning  system  and  response  of  the 
ocnnunity  cannot  be  accurately  predetermined,  consequently  neither  can 
potential  flood  damage  reduction. 

.  Requires  a  continuous  awareness  and  information  program, 
maintenance  of  equipment,  etc. 

.  Effectiveness  of  preparedness  plans  tends  to  diminish  with 
increasing  time  between  floods. 


Through  proper  land  use  regulation,  floodplains  can  be  managed  to 
insure  that  their  use  is  compatible  with  the  severity  of  a  flood  hazard. 
Several  means  of  regulation  cure  available,  including  zoning  ordinances, 
subdivision  regulations,  and  building  and  housing  codes.  Their  purpose  is 
to  reduce  losses  by  controlling  the  future  use  and  changing  the  existing 
use  of  floodplain  lands. 

Some  regulations  covering  the  use  of  the  floodplains  are  already  in 
effect  in  the  ccmnunities  within  the  study  area.  Regulations  may  be 
relatively  prohibitive  or  may  allow  construction,  provided  the  new 
structures  are  floodproofed  and/or  elevated  above  a  designated  flood 
elevation. 

Biysical  Feasibility.  Zoning  ordinances,  subdivision  regulations,  and 
building  and  housing  codes  are  generally  feasible  for  any  floodplain  land, 
whether  the  land  is  occupied  by  residential,  ccrmercial  or 
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industrial  structures,  or  by  nonstructures  such  as  golf  courses  and 
playgrounds.  While  there  are  no  general  limitations,  a  regulatory  program 
is  developed  and  administered  for  a  specific  piece  of  land  in  a  specific 
ocmmunity  and  State;  thus,  when  developing  such  regulations  at  the  local 
level  seme  very  real  restrictions  may  develop. 

Regulations  must  be  flexible  and  fair.  Procedures  for  amendments  and 
variances  are  neoessary  and  can  be  provided  by  establishing  criteria  for 
special  use  permits.  Also,  regulations  must  be  designed  to  prevent  public 
harm  rather  than  serve  public  benefits. 

Advantages 

.  An  effective  means  of  bringing  about  the  proper  use  of  floodplain 
lands.  Economic,  environmental,  and  social  values  can  be  integrated  with 
the  recognized  flood  hazard. 

.  Helps  to  keep  flood  damage  from  increasing.  By  addressing 
nonconforming  uses  they  can  be  helpful  in  achieving  the  necessary  land  use 
adjustments  to  mitigate  existing  flood  problems. 

.  Can  be  effective  over  time  on  existing  inproper  development  or 
additions  and  modifications  to  existing  property. 

Disadvantages 

.  Not  effective  in  reducing  flood  damage  to  existing  structures. 

.  Subject  to  variance  or  amendment  by  local  governmental  bodies  which 
can  reduce  effectiveness  considerably. 

.  Tend  to  treat  all  floodplain  property  equally  when  in  fact  various 
economic  factors  may  make  one  type  of  development  more  appropriate  for  one 
portion  of  the  floodplain  and  another  type  more  appropriate  elsewhere. 


Flood  insurance  is  not  really  a  flood  damage  prevention  measure  as  it 
doesn't  reduce  damages,  rather  it  provides  protection  from  financial  loss 
suffered  during  a  flood.  The  National  Flood  Insurance  Program  was  created 
by  Congress  in  an  attenprt  to  reduce,  through  more  careful  planning,  the 
annuaLL  flood  losses  and  to  make  flood  insurance  protection  avail  ah  ip  to 
property  owners.  Prior  to  this  program,  the  response  to  flood  disasters 
was  limited  to  the  building  of  flood  control  works  and  providing  disaster 
relief  to  flood  victims.  Insurance  companies  would  not  sell  flood 
coverage  to  property  owners,  and  new  construction  often  overlooked  new 
flood  protection  techniques.  The  insurance  program,  however,  did  not  ocrne 
about  overnight;  it  took  several  attempts  and  17  years  before  the  bill  was 
approved  and  put  into  effect. 
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Flood  insurance  compensates  purchasers  for  losses  to  the  dwelling  or 
business  they  own  and  to  the  contents  of  these  buildings.  Flood  insurance 
is  an  option  for  all  owners  of  existing  buildings  in  a  community  approved 
for  the  sale  of  flood  insurance,  yet  it  is  ccnpulsory  for  all  buyers  of 
existing  or  new  buildings  in  the  Federal  Qnergency  Management  Agency 
(FEMA)  designated  100-year  floodplain  where  Federally  insured  mortgages  or 
mortgages  through  Federally  connected  banks  are  involved. 

Qualifying  for  the  National  Flood  Insurance  Program  involves  a 
ccmnunity  in  two  separate  phases  —  the  emergency  phase  and  the  regular 
phase.  The  emergency  phase  limits  the  amount  of  insurance  available  to 
local  property  owners.  In  this  phase,  FEMA  provides  the  ccmnunity  with  a 
Flood  Hazard  Boundary  Map  that  outlines  the  flood-prone  areas  within  the 
ocnmunity.  Owners  of  all  structures,  regardless  of  their  flood  risk,  are 
charged  subsidized  rates  during  this  phase  of  the  program. 

In  order  to  quality  for  the  Emergency  Program,  a  ccmnunity  must  adopt 
preliminary  floodplain  management  measures  including  building  permits  for 
till  proposed  construction  or  other  development  in  the  ccmnunity,  which 
must  be  reviewed  to  assure  that  sites  are  reasonably  free  from  flooding. 
The  ccmnunity  must  also  require  that  all  structures  in  flood-prone  areas 
be  properly  anchored  and  made  of  materials  that  will  minimize  flood 
damage,  new  subdivisions  must  have  adequate  drainage,  and  new  or 
replacement  utility  systems  must  be  located  and  designed  to  prevent  flood 
Iogs. 

The  full  amount  of  flood  insurance  is  available  under  the  regular 
phase  of  the  program.  The  amounts  charged  for  insurance  of  new 
construction  vary  in  accordance  with  the  structures.  Flood  plain 
management  efforts  of  the  ccmnunity  become  more  comprehensive  and  new 
buildings  must  be  elevated  or  floodproofed  above  certain  flood  levels. 

The  floodproofing  levels  are  shown  on  a  Flood  Insurance  Rate  Map  which  is 
derived  from  a  detailed  on-site  engineering  survey  in  the  ccmnunity.  This 
map  also  shews  flood  elevations  and  outlines  risk  zones  for  insurance 
purposes. 

When  the  Flood  Insurance  Rate  Map  is  completed,  the  ccmnunity  may 
qualify  for  the  Regular  Program  by  adapting  more  comprehensive  floodplain 
management  measures.  Along  with  the  measures  adopted  for  the  emergency 
program,  the  cannunity  must  also  require  that  all  new  construction  or  any 
substantial  inprovements  to  existing  structures  be  elevated  or 
floodproofed  to  the  level  of  the  base  flood.  All  of  the  oemnunities  in 
the  study  area  are  in  the  Regular  Program. 

Advantages 

.  Inexpensive  to  the  insured  at  the  subsidized  rate. 

.  Available  to  persons  in  many  ccmrunities. 

.  Indemnification  is  for  any  flood  up  to  the  limits  of  the  policy. 
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Disadvantages 

.  Only  available  to  persons  in  ccmnunities  eligible  to  participate  in 
the  Flood  Insurance  Program. 

.  Indemnification  is  limited  both  in  magnitude  and  in  type  of  damage. 


.  A  deductible  provision  for  each  loss  makes  it  somewhat  less 
attractive  for  lew  damage  flooding. 

.  Damages  are  not  reduced. 
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Public  control  over  the  floodplain  may  be  obtained  by  purchasing  the 
title  or  some  lesser  rights  to  it  such  as  development  rights,  right  of 
public  access,  or  rights  to  use  the  land  in  same  specified  way. 

Acquisition  of  the  title  is  most  suited  for  the  undeveloped  or 
sparsely  developed  land  in  most  of  the  floodplain.  Given  the  amount  of 
land  along  the  Connecticut  coastline  this  approach  has  practical 
limitations.  It  is  a  very  desirable  means,  however,  of  protecting  and  or 
providing  public  access  to  particularly  sensitive  or  significant  areas  for 
environmental,  wildlife  protection,  public  open  space  and  recreation  or 
other  purposes.  Federal  and  State  programs  may  be  enlisted  for  grant  and 
loan  assistance  to  offset  a  portion  -j.  cue  cost  of  acquiring  the  land. 

With  the  amount  of  protection  now  available  throu^i  local  flood  plain 
regulations,  a  program  of  public  land  acquisition  is  not  deemed  practical 
at  this  time. 

The  acquisition  of  other  interests  in  land  may  be  an  effective 
instrument  to  insure  that  it  remains  in  low  intensity  uses  such  as 
agriculture,  tree  farms,  private  carping  areas  and  the  like.  The  means  of 
aocccplishment  is  usually  an  easement  granted  or  sold  to  the  public 
agency.  Ownership,  use,  access  and  occupancy  may  be  retained  by  the 
owner,  but  use  is  restricted  by  the  terms  of  the  easement.  In  experiences 
with  this  farm  of  land  use  control  it  has  been  found,  in  some  cases,  that 
the  purchase  of  development  rights  may  be  almost  as  expensive  as  acquiring 
the  full  title  because  the  owner's  options  have  been  reduced  so  much. 
Coupled  with  tax  incentives,  however,  the  technique  has  a  great  deal  of 
promise  as  a  floodplain  management  method. 

Costs  of  acquisition  in  fee  or  easement  depend  upon  the  cost  per  acre 
and  number  of  acres  needed.  Both  items  are  highly  variable  and  must  be 
determined  on  a  case-by-case  basis.  Per  unit  costs  can  vary  considerably 
within  a  community,  between  oemunities  and  regionally.  The  number  of 
acres  needed  depends  upon  the  plan — it  may  require  a  few  acres  or 
thousands  of  acres. 


Advantages 


.  Provides  control  of  land  and  its  use  with  fee  title. 

.  Provides  control  of  certain  land  uses  with  an  easement,  but  without 
the  burden  of  fee  title. 

Disadvantages 

.  Does  not  reduce  existing  damage. 

.  Requires  land  management  and  maintenance  by  the  public  owner. 
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